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Oji tSwtp oliSjJllI frUJLil ^Ll Js~\ A>»..j 
St. John’s) C*jL*< aJ 5 3} ^2jjJs (_j JJl biij./* 

t* p 

ji I j>-y* C--iJl Jj oj5 .oUjJ^JNLj ^ (College 

jUI^ t«US LjL» J J-Jbl ®(j £jlj iaJ5J1 

a** 1_)J jU^l ci ^jA jpj aOl^JI ol o ■ *> 1 p 01 ^L>*pJ 

Ojjjj Lg^t <Jjf" of-l jb?\^ Silpj toLJLoNl 
cl^lij a^L-S/I cj\ cT *J r \ ojlfc (Robert Millikan) Ol^Ju* 

.frUj^^Jl ( j^» p j s T' If*I l^S* 

^ i^~d*d**i 3*^ (3 1 *^ a05 

* * * * 

^j>xj e-b^jtJl Ip IJLj 0«» > - tbsb..*jbL>»1^^ 1 g*• a jjjUI 
^li (^JJl cJ_^l OJJii .i»lji-i JJ l* ajL-^Iaj 600 Ai*« 
(J1 jdJ aJ jUt JjL (Thales of Miletus) ^yklil ^j-Jlt aJ 
015 j$j OU^i 3^3v»l frU.1* ;Jls 5JL>-jll aj^I®^! 

.AjjJljiJl jljjSfl jJp t> 3 ®j»J ^^ JC ® 

P ^ p 

0 1 • •■ *0 ^oa«j b j>t i^q I 1 ^o2j 1 Js^)l ^ . 1 Lb ol5 

AjJaa iiji 01 j tO^Joll (3^ 4-ji>- l_jJl>- 5^jlc b ..».>»«* 
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4 _ *JuL* 


LjjL*^. (aJUjJU elektron) jlo^SUl ^ 

ojj P £jA j£^L ^ dj*j J .^j-Jlj oils i_jJH^- 

ijj\l ciyljJl aSUII i—-J s t(William Gilbert) C->yJb>- ^t-Jj 

(Jjl jiJ-i; jl^j) Ajy^j jl j)j£-\j ^L>-jJl ily jl (JJ 

jlla^.t.'.~ <Dl^al JJ_j t (electrify k_jj4^j »lla./«* ( y 

j* * * P, 

y *—j jl OyJL>- jol .y>*JI iJLfc ^Jp Ls<ajl (_$y^-l 

£ ^ *» * o + 

^ja lio Ljl>«j «UsJU# ^ILl JaiiM ^jA Ip jj 

Charles Francois de) ^li ji JjLi yj y ( _ j jL*-5’ t\>- 
f-LJ-S/l jk J i]jyil jUyiUl jl (wiiiSy (Cistemay Dufay 
e-Ly^Jl jj£j jl # jjjk> (Jl .iJjyail jJl l|-jjt ^yJl 

jS U .(vitreous) i_>-L>-jj (resinous) <Jp 

jl£JL« Jl>-j Jli j l*L-iSll oJlA frljj e-ljfcJ-l <Jy~4-C' ll—i 


,<u^oJ 5 iL jiff 

(jjJLlla ^jA (jllsxlll yliaJl (J a-L jyll 0»b*-j 


ii^Ju <c«jll« (J (_g.u.Ui3l ^..«C» jl ( J p ^LL» 

<ula>- llllA ySo ^1 .yji*<aJl Aj JaiLjJa 

^ # 

jy JLxJl <_JU -1 (_j .aisL>- aIL oJUca iilyJl jl 5 J 

(Hans von Briesen) jy-jy jy jiU yJu jl5 iiiydl 


CjIjLJI {y >j . <U~JLs»- aJL»jc« SJjUa jjp 5 j_j jlSvJl olij^a 
I_jlill 5 jGU-VlJ v_ 3 *)UaJl jjy»- OjLw aJiS (J 4 j«yll 
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4 _ 


I O^3 JU**JI) 1 */iJK) ^ «/3X > ^1^-0*-^/1 

jjwLj ^JljbjJl ( ^)^J 

. K J^jlj iJjjjj-j# 4jL^t-sA; 

(J^ J^mJI ^ * . il ^ 

( j^ IJ^- ojii-tf eM_jJaS jJ jlaP 4—iL»ij ^1 Jj>«—-* l (_j ^Jt »-J 

* 

IX>«1«jIj 4j j>%*i+A laMjb»l (je-jJjta ^Cj>i.g./J jju j C-jjJl 

i t*l jjJ>Ij ol^< laall tiil^ LaJL p .ll>-t>-j (_£^-^llj 

> 

^■‘>•^■'’11 jju Ajlaldll j^JCjj i.j-JU s» oL«^j5 JiU ' ($-*»»■ 
5ii^. |»j>i Lgl*>- jl Ji-t JL? (Jpf JJ SjJaiJl viL j£- j£*j 

. *lj<LI (j 

t_>jllall 4-ULoJl jlJLiaj SjJslaJI <Lb5 J^L>- ^ JJL5 L*j 

ol J*iaj Jl :-'! La ( j— i ■ l (jl -L>jjL-JI ( j^o l g »‘A 

cC-St5 |^a 4--»5 4 jL ^iJUo £j| jits' 41 pt_JLSI Oj 15 l.ij Lo iij Jmij 
a jiJLS" ‘CjmJsJI e-Sts' lil . oJt^ oL«^ (J 3jiJtS’ jl 
4jj>c——< ^ylpt ^JJ 4-jjVl 0Jl>-jJl jA yj SlI jt Lfl l l (1) 

• OJ^NI 

JLujj . 4j oIJLi 14JO-<epJ J-&I5I LoJllC-J 

C-3-L>- .0 jiki f-tii^/ (1)jj I L..J1 (jtco lo-lp o'yjts^ 

L—j 1 j5 (ft4—aMp t *y^ J 

4-5jS\5 jJLj Lfri. L> - Jja Oj>-jll ea-tv^Nl JjtAj CJt5 -C->l jiaill 
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4 — 


a oJla &LA» :JU» cij jlSLLo LgjLp>j Jij te^ji jl 

olS jjjjJLaJlj (_£iLA-l jjjjJl Jj pjJbJl 

» ** > 

^|JL® ‘i ^ ^Lj- *— 

> 

JbJbj- <^Sj£ oLi^lj jJjJI iijlj^jl ij?rj j__j 

jJ jjj ttljIjNjjJl (ju^» c-ai^o (jLju t-jJbJj ( JJUo 

iSSli i *1^>- IgJLU- ^J, j£j OjLIjijJLi Lg^»->t>- ^xlii ci^LiLj 

*u>Jaj| ^1,1 Ujb^u ajl' g ■ * *»1«»■*< i ^jLva^j <~>il 

(_£ j^-J . AiUaJl ^jA a oJlL la L^» Jlp-IjJ| <JJULg.»,.o 

J jLrfS Ifj 4-i>«j (3 *—'jL>*Jl 

■ C ^ 1 im *<^il 

C-3j ^s>- cJlS” 4/> ; la»ll <L>».IaJI CjULJL^N 1 ^ la«* ^$sJ 

Jy Jap ik-uljj t^ily ^Uw! (_$JjI ^Jp (jlj IJL>- Js 

cJLaaj Lo Ji£ a>-ljj 

■ ' > 

(juil jl Jl?-Ij jILp I ^Jp (Jl ^1 >_ Ip I (j Oo^y-I b-«Lgjl aJ| 

— ijjL-^-l oLUaJI cJIS - »■ i •/»*-« Jp- <»LUS <1)15 La Silpj 
. J-*J [^3 AmaiU^I 6jJsLmJJ <kljUsj\ jJ j\ Jj^Jt (_£ — (1)1 

jL S^jJj>- iaU isJu oJLa 

itL-Jl (1)1 (^1 ipjjJl L^x| »4^ulj Ljilj '*Jeu&y 

4~Jl>«X4 jJuJ ^a.sUtll JJU^Jl aJsaL^S tol^jf^di <uakiil 
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k — mJjLa 


jjij-ljJl ^Ijj oJt>-lj A^ai- (jj .^yjy^ (JliLC J 9 jJa>*5^ 4 a3 y*j 

>4aw1sJ! ' 11,1 jtj s .&j j iLjl^” 

* * * 

aJLaLJLII ^msJI ^yiiJui L» UIp tL> o JLp LJlS^ 

^il jJl j^j -.'*’* (J,l oLamJ jjodJl coLmJI 4...-*.ll jl p_^Jl IS^lSb.^ 
^1 k_JJall iJLa <J(_5 Jl« (■ ^11 i_9yj . Aiii* (jyly An./a.i 

^yll tiailill jlljSfl Ajjiaj y> JUul ^1 ^lla£ Oyf (wJLlx* 
i^jJuJcJ A..^\jj CjNjIjw aIs.m]jj il^Jl (_J Jlly oilil <1)1 jj& 
V j l^i y #a>-I u_jIJL>- Uia .iL*j*ill (_£jLi»p f-Lsdj <_j 

^ * y 

ylii-i (_£l Ojji IfJJJ I(jySJ _yj) A^pUM Nl A»-gA 

.I (^| a>- 1>- jj-J.1 cijIJj ^yil (AjL*y*»il ^p 
^»jj olS (Physics World) KjJjjj (j-S’jJ# iJbf oy*-l 
(J^ Oy (j^“ Ajjyjo |^p Iap-I y <ui oJL* pI ./adT.al 

(_»jl>*lJlj 4^jlS ^jlz’-Jl ^\ l^l.‘..?.«i| OjLpI |»j K_JjU«JI 
ISlo C-JpL~X i jl a jA ^ frljjjjill <Jb£ (J L^JLS' t(^jSll 

.4^1iL.| ( yL*jli ^v?l (jl o ij yj ?(_jllaxJl * ^11 j) 

<jl»y^Jl aS ”jij jj-JUaj IjuI Ja ‘IjuI ^yl JlyJl o\£ 

ki*>«j| ^yJI AiJiJl (J,| yCJLl' I-La ?<liS^LuK t\j 

iljil ^1 4Sy«l Ay^gla aJjU VJ -kil yj> iJLft J>Z jl SI ll$iP 
(jl ciUS jj u-jjji» (_$l O^-j 4 jL jiaJl oJlj- Lg Jjr-J u 

l»JjJl .CJyJl?- ^gJ^I jj^d ji (jboy531 
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^_ *JjLa 


.41) j£- j>-\ laJLp Jlmj fOj -li |i ^jjyOJl 

JJ IjjU- y? LajI j >j -(Pythagoras) yjjpfJLi yp liU 

ylJl bLP l lj * i ^yJl 0^ j coji 

CO j-^S j AsAlJ 4 _LJ"Ij yjjf (jls^ljl ?4jj-9.J 4-*pljj L—j JjLSj jjjJp 

f. * 

ji>l j*j .G qIjO ■i^j 4 Aljj tF jJu<aj 4Pbjl Sj^j 0^9 ttjUlS’ C 
4—■'Ij^- jlAij»j Jpl (^f yM ® J* ^ 4 a 1 ^*‘* a Olp y jjl 

Io^aj t^fijl 4 -LwJjS/I JS^ Of y*jjpli^ yLpI AiiJj .('—ilxSjl) 

tojjjJl (J t-Jijli jf 4-ip oiS" .(^y-l iJj >-y 4j^ial> aJ- 

lilia y ^-1 p j 4j»jjI yo 0 j^Ij jf—If (jf yij-Jj £-Ijj C JjuIj ji 4 l$^J 

L*jjJb 0j^lJ 4 jjLou olili* i*jjl Lj- Ja-^ j*jli 

y aULIj tliilU <j\j*jjlj vU y* (—j* ff-j *1jAIJ .olJLlLo 41 ** y» 

- 

. djLJl>-j jJU 4j yxlJl d— >t^pj Ai! . L *L* 4 yj^plpj 4—a 

CJIS" ojj ty-T UtJiy (Archimedes) y jl5 \^j 

Cs* jSCiu 0 j ^ J a 1 

ylaJl o yli c_4.t.~‘TI of A*j ./»j jAj 

AiJUaJl 4liL-iy .ojLjiJl 4jaP y» JJLiJ tyLjJJf 

i 

M yiLjJl J'^Jl—'^f £jf jj (_$Jj>-J A*j (On Floating Bodies ) 
JjLh* ^-IgjjJf pi «—JM 9 . JllaJl ^yA-*—)jl f A*4 f ^ f^f -*"-- 1 
y J-^jj <dl . «£-ljll JjLJI Ojj (Jjf—j oji» JpVI (JI ^iAi 

y— ll p—4"l Of 4-^ Ji Jj^l E^fJ' il'fe- 
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A — *JJL* 


4j.A-Jil jLi-l) pill (j j/ila.mM I 

j*~£ *x>- o^IjjjJl j^il^LI ^■xw'^l l^lSLi ^ l^jISj 

.(^<»a>j1 <JL$ \^ 

Lc ^1S1 I (_3 1 4. a laP 

lIUS* l«j .oLjiall! ^>-1 ^«laP 4jj t4j^>*l!l <J 

4-*^- ^-jJj 1^-3 O Ji oj^LJi Ojlia^t-Ul <»iUj jJb 4XP 

^J-P ^JaJ 4_flj^Js> (JJ —4^-bdl ^l^il ^IJLpxX^U — ^>Ua^^\J 

4~J6 jLfA"l Oj£j ol Jl«Sllj .<ip lf»l>-l ^yS^J ^ 

*■ * * 

O• >ji*/>\ j <J j~ a -^“ * l y» (j jS'sj Uulj U.J> 


,l.d.;;11j 


Jlj ^..walJl Afi-jj a\S JJLJi 

*t * 

5Jb>-lj 4j«ji A^*jJLill (jljjJl l y» 


<j* 

,j^Jci\ J»jJa>- juliL-dj 


j jjIS jJJU- ^}“^y L»J^p c j~*& ^L*Jl ij yd\ 

,ijla>- 0 ^a>- C...j.Xaj iillfc y*j ,aSj^-\ <jyl ji ^y> ^<»Lxf 
e jA (_JjjJl (_$ j >-1 olk^- <j Ui yA 

.j»^a }I 4aJL> O J3*JJ (jl^-i-~*J (_£ 

jLJ>l *JUj v t£Jl IIa ]yu j£ \f\ o\ ^jSlI J^VI 

(>?id^* '-dj* ^1>-1 ^\pl .4jaJLlj£ 4 **jUL 

.c->l<J l*Jj ^?4joIj j~*£ f oi 

O_^>-l ^jLl>*l <J ^^3 4-51 ^JL>Jl J Jl 
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4 _ 


Nj oliLljS^I j p LbS' IjiA ( _ ri A$ .a»^ j* 

lj^>- jjJU ^^Jl J^l _yJJb- .JbsPjS - A>.^9j*]| ob-lill jP 
J_p- (Charles Darwin) jjjjb jJjLU oUa?-^ jl (^JLill 

ul-Ojl ^iJl ^|!Lc e-L^iSlI oJLfc j^< j*-b .j^«1^-l j^Js 

OJlvai Ul tAiLijJl Ajldl ^i\ j!l tl>l>l j>C^\ {jA Ail .t^*.«il 
■lil'.g^ ti j^sZ^SS -uJbJl j^S I /^o AP yAJ~ jj^J jl t_jllSjl iJLj- 
tC->ls^^Jl .^JjjjaJl Ijjs j^ eJlb-l (JJjpNl jA J JjtiJlj 

| _ 5 z J u» t j^.«.l?CjLa <Sj A»j jljljjJ jl_^4 jI oL>- 
jJUl>- aL>- 4J^J& t(_gy-l jj iMtAj .iujill 

(*-M aiJ .Jj S J^ c-jj ‘ jJ_^J 

tt_J^»*il ^1 cAjj>tl)l jjl Jbjl Uli tjllp JS3 aj>-o JJ~0 

•J^V 

JjU-T jl t^-ltaT.,11 jji ajif j^»j a j>-j^« { jAsai . II (_y£>Jj 

• jj>-jjil iijLvo (J Ajbfc^l (_^P J-sAdil 3jJ I 

James) J_p- j _ r ^>- (Robert Mayer) ^jU Ojjjj j-— Jliis 
jr-y* 1 Jyrj^ tajl^1 j AfUaJl jP < _^LaJL 11 AiUbS'l (J (Joule 
(Kelvin) jiK ijjlll aJU U La ^jajjjj . a*j! J>\ aj^>«iJ| <£j>r\ 
tlJ Jb t A. ■, i^'>T . fc t *JI A. 3.. *jS/ L> AJu^aJI tlbb JS L .. l l» . j-Lb jP 

Jjjl^l JJs (j l^ y ^l JlSjsJ tju.ta.il a j£a 

8a»—lall jl j ~»I jl_jpl JW< AjJlill jA jsSJ A»^ji UjL»»lSJ 
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JJVi 


£slgJI ^L9 .cl iui^ll cJpIi t f>;^ 



(Galileo Galilei) JJU- ^IJU- 
(Ottavio Leoni) <j jjlj i 


^ (_$jJ ill! lIU- ^^iJl ^y> jl 

.A>-l (j ilJjl 

j>-\ (_jLi Oj-»JL»j ti^ljjJl 

• jt-f- ^ ^p**ij j~\ 

jJJU- fjlflfi#(j^/L aILhi 

('Galileo, 7W (Ve*v Sciences) 
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4-jlS iji,j Jjiij j\ o^S la5*1* jl o j>t^aj ^yilj LoJuP 

t^jill JUaSIJ l£*il ^j^a ^^pljJl _/(P *jJL| j^i tLa 4-JiP 

L-j a^JjJl) ^j’^uL^Nl 4SJ^jjLiJ |»^8 ^jp 4-fl.ijNj 

(J aJ jLw» J*s ij J*3 J^lj (j 4l^Jl i_j jj> Justfl>- 

Ulc (_£L*j oliJl aLj-jiJl ejjb (J aJ iLvXaj jljliil 

pIS'JLM yc~~» c^Ll JL^il c^LajJl ^j^a JbJlA-| (_£jJUJl ajJL| 

^jp 4^J i^AI iSLi^j jiiJl ^la*.»ji a-JU .OlJUl 

. ioiL>JJ , ^-^nJl ^^jjJl j jjli jujjJ 
aJjI^ iJjL jJa-ujI ^IS O^LJd J«i ^|l^11 jjjiJl j 
caJLaj t. . -jjI’Ti 4py-^j ,laS**«2 p-«~.'L-l3 .aS - jJ-1 jlp! ji jLJ 
• U^jMl JI Ji Jiil 5 j?T*a}\ OSIS (JS aJI <^1 

A->-Ul J| ^ijS) iS _J"I (.5j^Vl £l _^i}U a^jJL L»l 

a ji <Jjj 4(Jjj^-l yS> (ill jl e.lyall.1 ^y> ^ I 

tj^-J-l 4P ^ Oilijl t^ijjl SJLi ostajl (JSJ ijl 

.j»—J-l I_4f JJ ^jjJl | jp d>aijj La lilj 

f, * * + 

. Uaa- ^JaJL ^Ja j tLaLc LaJUj ^ jAj>j> IJLa jJlj 
A lJaplj JlJLi-l 4>«jLp Jp Q>J< ygj jJ lijj 

^Lll J** - LaJllp) (Jljj Jj<j jLjJa jt^J-l Jla^.i 
jL IjjU>-I Ail J JL^j IS j>tZj> p. g«Jl , ■ , .^ : Jlx>wjl 

(^1 jl j^M t-i ij^j • (^LaSlI JI AjtiJb La j>A JC%ll 
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jJlJIp? 

jl y>~\ Aj»* jj l ^>- \£j>*1a ^yLj *<_£* 

*9- (■ P * fr 

l*« d)0a>w4 <JUsjl 5 Oj ^2 jj ^JJsj 4*0 ^(25 01 j 

.diJ 5 C~jI AiJ .Jb»-I j OJj (J UaS.il L» 15} 

^ILnJl UlA Ua>- A-3 Q..if (_jU d)l L»Lc ^y> <!)} 

A-j-^«ms AjJbf j l ,"- - 1 ^ ^JiJl ^ JajJl 

A-ip|j t(Philip Glass) <w.JLa 1 1 ^jlj ^(Bertolt Brecht) 

Ail jj^jj>ll Jj2j 5} (.(Indigo Girls) jJJil 55yi) iLj*-i 
Vj wjjlil Ijjj la5■»il jJUU- d)l wl5j^ll jJt- ^jA 

jljIAl d)l jAj) (JjJcJl d)Llj AS Li ^ l (_^1 jf Ail O^5 Juoj 
I jjj AjjljdilS" (J Uj*4 %X3 AijLftLLa *Uj| (5jjI%« 1» eXa (jjiCL~j 

• a J j (^1 .,<a,». (i. ^ 

(cosmologist) oLi^llp ejLpb aJ}U y <1)1 <JJUS Jp ij 
. * y£* ^jsAdlkAld ^a^ atl 1 a* l) 1^ . 1 a J .^^J*-)Jl < > i> 1 1j l . 1 c.1 * 

JLII ^lla'.ll (_j ^..o.illl Ajj$Aiilill 4-Jx-o^SUI 4../7^aji 
Dialogue ) ((d)O u *c^jJl (ji^L^-ll <-l^>- jlA jIiS" JL*jj 
{ja ^*JaP J^p Jjl (Concerning the two Chief World Systems 
(Kepler) JlS ^1j IJjI J-iL ji Ail ^p t5~.wJL]l a-^JlJI JI^pSII 
ca-^JLIa} cj\ jIju (J jjdj <w»SI^£Jl d)L* A-^Vl ^)U j-/i.'X\ 
j ^5l5 tA^olJ jJlji oljlall d)_^j d)l Sjj <1)LS" (J ^ >- 

Sjj^ ilL> 5j^5li 5 jj| < |.»J1 aS 1 _^"1 d)l dP-^1 (_5*)Jl jia+Aj\ JjJL IJla 


19 



.^JlP - 1 j^r 

0\ slJ. L. (lull J) I Jp iS>JU Jb M Ob 

. ijLjij ajIjli LA o j£j 

cp-I^^JI (_j <i>Ju£ jU L« ^Uaiij (JjAJI <il)i (3-Lvaj 

(3 0^ ^jA Cj^*- ^ 

Ip Jli ^ydl iajJAJl jjjJuJl iltAil Lfili (J *j i J\ji Jj^ta J >\ji 
o JjJ . j j5 ja {j* J-"Jr ^JlJI ^^LlaJl ^UaJl 

* t 1* 

Oj^i l)I Loj 4<d5\-til oJla ^jp LoLc ojjaJ jJlJL>> 

(jjjJI 6jl aipI ^cjo jl l>- ijl oIjlp Lf JU5U 

0 . #* 

IJlA cJ — ®Jjflfl**I (J1^5 ““Lo^jj I 44*lp 

p I* 

iCwj^ ilj^l UjlPj f j^J jl 4 jI . AjjJJ ^^3 dili 

• 4^^ ^ ^j l 4 fl lfl «» ^l j tJ 1 J^**P I 

4j ^15 ^fcUl jJLSU- 4^ia.«J alp^\^ 

* * 

\fpx**0 U~i ^ 4 jUIjC4 

jA>j ;4Jsu**j 4j^lp *L*il iS*4^*51 j£J\ j) ^ 

^1 jlS' br 5ojUj 

* * * 

^j} »x*p lAd 4_>^>o Lm^jLS' IL^|»* 

(J^>- ^^>-^1 4XajIj (J iijljf 4Jj£ L.JL&J J143 .N jl 


{Discourses Concerning Two New Sciences ) « ^jjJb (jj-dp 

4jLxS* (JLpx^— CJ«-U-j 4»Lila (j oyk>-*iM oj^P (_$•“■" (j 

(_jLdijL-a) ^\j]Uaj| p-^-j Aj^Aj iju j! Jp~ Ai-A Jp — (_jjL*Jl 
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jJlJL?? 

.^IL*JI jw ^ g* o Cj> 1 • * •■•■^;** • *j 
^ Jj'iM jJl (jj tjJLJls*- .* jLiJL- JL -£ 

Zjj Z^jJuj &/j ^paj 100 ilj ^iJu> ojS cJsuL«l jJ <jl -lS"^j 
.la-lj C-Jj (J (_^P OllaaC—i Jta-lj CJj (J S>-\j 

(3?"“’ t*— J jl^?«Jl iS"^~\ J ^—.wi-l l)Ij 

£®lj (J (j^j^l (J 

Ji tp-1 jjLI ^>-1 Jy«llib* <1)1 iijil 

(j^UaJjNl 1)1 (_j ( j^So 4-o.^U 4 la a'. 11 oJlS JLal .^jlxJl C.-Jj jd 
^1 t ( j^j*ilL» ^jjdl o^S C.olaTjl LoJlL*j iLj jij Ills’ 

^^ <>■ (a ^ t! ji) ^ ^ ^ 

^*Sc5C»j N o'yi* iUxjj^i JU J .I.m'I jkil L'.:..<> jlS IgS 

Nj 1 (jjj-* *ljj 4.«.—.~ll jla.ajl £jSI 

(_^lla>- ^jP 4.>»A) OijJl j 1 (_£lla>- Ij^SJj <jt 

-kiP 4Jm£j bo \ Js >^JL^* 4jP^** 3 . ^u£Jl 

.^VIJ.1^1 

JaljL*pJ C-ij iju (i>JL>- ISU la^l&a (__.j».stf I Jlj-o illiA jlSj 
Jljia ^jL,w Ijil 1 V ^ ( j^j)i\j Lg^»llaJjl C-ijj a^^11 

JU CJIS Jjbj ?^LS ^ .dUS Jyu ulS" JSJlj c JaJaJl 
oi jaUi ( jA ysai iiiiA d)is ji 4 j(jJi j o j£ iSj^ lj&> 

(3! | jij^\ Jljt SJU>I jlil a J\.» ./3.)\ 
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j\ ( j\ J fi-jjyi}\ J~i ^a JjL*j |»LUjl JJs <Jj 

l» JS' d)lS^ tJaiL*Jt JLl C^JjJ <Ll j I jbcJt^.'UoN' <1j \jil 
<.&»[£* jA jJLJU-<e»-llai 0^ Ifi jA *J.\ 

o jS (_g! .ol 4 jJlaLJLaj Ikjl Jsji*Jl L^i Oj£j Aj j£- 

0 f, 

JjjUpj 0IS" L*j . ^AJls ^|5L» ^jJW jZwA ^Ja^» Jp 
jL^Sll ^P tllJjlSj jSSl ^Jp (_jJLs<3j (1)1 

K» 

^ ^laJ aJL jl=> >XjsJ . (JjiJa^JL-Jl jAj ^jp 

,JI>JI 

jl — jJLJL>- i_i*pj ojip aj^C Jlujj . 1604 ^Lp dUi jlS' 

. Aj I jA ^jLaAiLa^ ^ 

li> a~JL>- «*Xi jl <—~Jli ^ AjJai UJb^l 

* 

Aj^\j 1 g ^ *■ ■ - j £-lji L i-y»< l ^.,/? j&J IpIjS 12 jA*J 
jJp t>Lli <ws^p Jijjj iSjir^ij^- (Jp t»^L pI 
jJUlj ^aT.-a (_^jp*ll Ijjk LU>- jl J-*jj .£y+&yi 
jji ^yjupj ij-Jl»i (j^j jZ*j3aj 

O.UJlJj e- 1 ....la Aaaaxli AjJjj^j s^ A_i lip-t&1U?.-Il 

. 0jli I 

tA^p^j 20 ^JjjiaJl ^IjjJl jlS - j ^ AjJas oJLisJl 

kJsj&j LoJ i 20 aJ^jJ ajwj jJlJIp- j j.p:i ol LiSs*-> Ijl^aj 

. JjU £,.,-> j J o-U—j oLvP10 
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jJLJls? 

Jl>-I ^3ji ijjl« (3 ^jiJ' IJia l*.(1)1 JLuj 

—SU?- j>-$ i js^-Sl ij*’ “*-3 ^ 

j?*j Jp- ^jjX ^\j t(_5^>«il (J — Ijj Jjii c.*^ ^ 

Li Jij ,\Jbjj 43y>'.~i (_£ jJl C-3jJl —'ill?- 4 

j ii T * 43iAj 1 .A^il ^^ 6^4 ^4 ^ 4j^?wJI 

** p. ^ **■ w 

.I-XjI 4.^3.) -l- *3 j ^ l JL» P (_£l (ju JjUJl jjl>«l| *il 



0 jJjIjSf J:lLl £tla—JI jL 

• jja jJJI j i>-Jlzll o_^J| (.....:7 ki—>- cy—^ 

(Alison Kent) c~l? j j_Jl :^j 


cLa^xIj iSj^laJl oJlA I^liajl d)l Jbu ^LsaJUai 

gj jL^N o^SUl 43 jJd~j (_£ jlll jj^jJl C-i1 y\Z 
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<9J 4jjifd\ Ijj^S J*J .Apbjl Aj^j A-ilj jLJJ 

sJLa t^xLS aU^p <ol« JUfU t aaJli^ ol jIj^xjL ^^JJI 

SjUp s jAjZf (_j jJbj lAollI ApUJl ^«mj la....i jL^>»j kl^L^iUdJl 
i ^Ji ^y> *y Aj aIHj (ji^i]i aJl«j apL>m 

£llJ jA iS&A (J Ip j-PI_^-S frLo frlpj Ua-XsALmuI 
(J-^< 4ia ( j—> tUj a Jm t—Jj-jl a jj»3 (J ^ j>JLo 

jy>jJl aLjI jJws i_jjS j ax^jkj ^ jJL US' Jj^.i oLa 
aUSL (_£^>«il J^laj *1j— tcJjjj JS aS^<».i>-j ^JUl 
sUj^ (_£Jil1 aIII Ojj nJj^j JS Ji*j tUSj . <x» j' 

I .'laPI !>!...■>■ lASjJl J uJui AAj jiaJl aJLj- 

(ijljAilj 'U~“*~' (f~i OljjSM 

4jj_ Ai^Ji *\j*Xa* cL^«*» 

ijllA fj& ji tool jAj ol jA 4JL»jJ 1 jl j& £jA 

.^jbuJl j ^S^ij 

tApbL< 4jj^ Lf-I_ ©1*11 l)1^ 

,j^^i O' {j* LpIJu| j£S 1 L^JLxlj 

Aj j bL»»w^J 1 I Aa>a1^^j jL^Sfl 1 .(juJLsxil 

N ilS (.0jj> iitAJ j>o JOu jJJl>- o^jJLS (Alexandre Koyre) 

■ Aj^^Liiil ^ ■ 1*3 .*.«t 

(j-JulB JjJb-l (J £j>-JCj AjJjjjj 5 ^S 


24 



jJJbr 

e-lil 41* j i—Jij ji *L» *lpj !#JjS .,<3aj 

iJlf-j Jju 4jJj <—>j£ (j *■ ^il 4 jc*jjwJ 

liaiM jiUal £uc*jf- ^jA aJ Ij .. .Jgj Lj l OjI <j2j 

jJUU- <_<1)1 dJUi ! a£jJI 

* 

. LoLc a»ma)I a»jJlp 

> 

Oij j jf- jl a-t ^*? 4jj^ <L)f j (SjiJ^ lS"M^ 

} * * 

4 L...»ij a>- j>-J£j» C-»Ij^ 1> LjAj UUajlS 1 jJJU- 

lln^ljj aJJ jj Ji jlS^ jjjli viUij tAbftJUJ 

< fljj ol IAjj .--.JLdJI i > jlM Li JgL u ^Nl (J^Aj>- ^yA 

■iS * j* ^*■-■^>*1 jJLJb*- 

<C~a ^j^JLaj cll!j JLxjj . 1953 jJ dUS <w*£Nj AjjjjS olS" 
j*JLp j *1j«l-l jLS' JL?-1 t(Stillman Drake) <JLji <l)\ c JL=-~» <1)15 
<J 4 j^£ jll 4-llajJl i-^Ll <j oilsjla>*ll |ju tjJLJU- 

OjISj tojj --.l l jlP t~jl->.a./jll I«il ./•»j j^Aj !■• -1jjJU 

. jJLJU»- olt j>JU Jlii i jj* 

la»UPj ta-LJiVL; 0jv ?{jt jJLJU- d)l^ 

Ujlaa.tfI ^JL x Jl 0 ji .11 5jL^ <—j ji 4 jU3j>«JL» ^jlii OjJU 
JCj ji ^1 oUri./all jiu (Antonio Favaro) jjUli jJjlajs 
4-jL-jM cjLLgjJI ji jl toLloj>- ij£- ^ja j£Sl <J 

'i Ij (. jAllill (J AJj* oUrj.^ll ( j^j jl . Aa J^dll J>£- ^ yA jJl J 
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jtf ^JJl L» j\ L^:ilzS~ c-J>jj ^jC- aJlL# oL»jJl»c» NJ Jl>-jJ 
.looks' O-Sj l^JlS" JL. 

aJuJ l>- AjjJb*«j| AJJ*jj jJ Aj(_£i^JLjjJ 

AJ*u» ^Ua<» J j g •* I Aj^j L-uj^Ju (_j 

Jljjl (juu—Jlj (jliJI JlUJ.1 "k>*jup 160 j4>mj 1972 

cajjJl)! iw-JL^Ij AjSlil olo%Jl (ju OjLajj cjJlJU*- 

(ju O LS" _3 . llalal j L-j jJ aJ I Ju L» * ~j!-w j.^ll <_.^7 JLuuj 

jlS" L»JLp 1604 ^Ip Aj j£- ( jj» o.Wr.-j oliLj aJI jJlu L« LaNjI 

.Ijilj (J jJlJL?- 





jJJtsr 

Ajj >*Jl co11 ol^Sliil oJlj- L o C d o» cdL>> jIpI 

<1)1 ciiJLil ^jA ^JJla . 1 cl)Jk Li^ooj lOjj& 1$ Jfr O ' /3 a 

j-l>dil AaJ JLLP o j£]\ jj£ . ^jJL>- JjIP (_j jjJj <1)15 1* 

4 iL*« ^ 1 aa~ (_JjS/l 4JLLa. l l olla>JL!l (J L(il (_^| Lftjl* 

5Jj>- j (jd-ii Aa^Jlh 0 jl3...o jJLJb>- jl5) 4 la a i 33 

JjUJ .(JJLaj jlo-Uil jJSl 4La'.ll <1)1 ciijjJ ^Z£*m\j C4jjLd4 
l$p jaJ~ 4il—a 4 PjLdll 0j^Jl «Jaa!> *4 jjL~o 4 doj 0 ,Js JJy> 
<■ a L5i 298 * *. «Lo jJ 1)^5o 4 JUI eJuill 4 jL^JJj c4La> 130 
oJLa dJl5 j fjS\ IJ5jbj ... 1620 pi 1192 ^ 824 ^ 526 
*1)15' ^1 j cSjO^-Vl ajL^JL l ^%h>hJL Ul .c^LjLmII 
J-^^l (J <»d5 Ji j-iJl>- <1)15 c4P j*a ^^ax9L» 0 j£3 1 Lfr j J a aj <jl 
4 a'^S’ j wUj .2104 41 a>-j 4.L.ti jJl la£- Jij 4La< 2123 

Cj^Jaj l<c* 4 c4^»lijl jia«| j1j>*j jl 

. d. A a j j| ixjj y> jJLo 4jLw»Li Oj 15 
Lv2jI L.5oJ^) 1 111 < c)15 f <Jl 4~0>^J 1 j* p N 

LgJL5 ol^all I)^5o jl |,^il l^jjj c(olSo 4.ft..«* L^Jlp (jjJaj jl 

.4jjLd» 


A^J 8 7 6 5 4 3 2 1 

AiUll) iki 2104 1620 1192 824 526 298 130 33 
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A3 1,....* 5 ^JaA? (. aS\J .la-q -1 N AjIjlJI 

i— p^£j jJlJU»- Ijb ?sJlpIS AjI Jij (Jjbl 

^ li jSlI AbL» ^ b^. l» a-jI—>- aJI ji« Ji j ib jJ ap^—J l c-JlS' 
5 J2\ 4 j>clm tiJUJI a5oJI -Up ? ...21 d7 il3(9(5 d >1 
33 x 5 ^kia (JjS/l a&JI -Up 1$ip j*> <-JU-spI a ~J- ap^-j 

(_j Oj£j l^bll b? JpI ap j*» Lf^l c aLai 165 ^1 
0 jSu—i 4jWl aSuJI -Up ap jJaiil Ail—11 L>1 UasL-1 

Ajull> aScJI -Upj 1 U..aUi .aUa'i 297 = 9 x 33 li— a«i 
Jp! t561 = 33 x 17 ^ br Ji! .429 = 33 x 13 
-Xij bf Jil (693 = 33 x 21 > . ( _ytUj If 

jJUb»- l$«3 i—.b.li ^.:;l £>ljll ibjb^-ll A>«A*P <j cibj.3 j 

.JbJL>- JjbwJ 

ji liy .130 > (ib* 33 5>31 o*bS a£JI -Up 
oabjl Ail—il jt a 3,9 = 33 4- 130 ? t jwi> c.*-i 
^iSl t33 + 298 oiLjJl cdlS" (iJliJl a£JI jUp j .t-SU-kl 4 
(36,1 (25,0 d5,9 > .^Aaj aJjS/I Ail—11 oIa-pI aa—J 
1 jo- s j^p j lf*j^j ^lijSlI JlJLsj- jji .63,8 (49,1 

.64 (49 (36 (25 (16 (9 (4 :a>s-uJ| oJI^j (<juik^ 
jIjlaaj ^bjj apjJaaII Ail—ll il)l (^bdl JLaJ 

^Ijbwobj .jIupVI J tbi-l ^ ( JJLsJl ((j>.*—11 
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j-Ul^r 

aScJI jup OIj L2JIj lui> <1)1 *j^JU 1)1^ t<JjJsl ^ji 

Si* fJlP j£lj ....169<M4<121 &100 ^ (*9) 81 o^~. aJUI 
aSjJI ^ja Sujji Lj-Vj .i<j>«ill 7L*ilj c.>>t7 jJLJUj- ^lijl 
. O-jt Jbii _pxJl <lill 

aajI jJl 4^ij| J^I>w3 <jj eJ la (_j oI}Lm>1I 

AjLjA J 1 gTola* AiL-il <—a«.s^> 16 4Pla o^SGl C~*laf 

<oJj>- jJp o_^<i lgnla2~ asLJJ la .(J j)l\ a5cJI 

/j^Lha ollJl ijjli* ixjljJl j iiJliJl jjij 

.oL^L^l Ajl>-^fl -LjIj 

tl^a..—7 ^jill io^lijS/1 ^»lsf If 1 ! oL*jjil AjwJs ^ !)} 

.7 + 5 + 3 + l = 16j<5 + 3+ l= 9j t 3+l=4:j^ Uy 
<ju oliLlI l)t ^_pl <■><j l " * - ^ 
t-jLS - jJLJU- oUIj jg^»'j .io jii I ilJipSfl iJljd Uij atajJ j! 

.IJL* ^U«J 


(^0*6 

...5 

4 

3 

2 

1 

(<^S\ ji\ JiL-il) ihii 

...824 

526 

298 

130 

33 


526-824 

298-526 

130-298 

33- 

130 

iS> jU all 2«l ...tl) lU a\ 
(oOs-lj a ji ^ 

298 

228 

168 


97 


29 



oliUiU--J 33H-298 33^-228 33-H68 33^79 

9,0 6,9 5,1 2,9 

c5il—ll i-i 1 «.yjI Aj")(j ei^^Jl t(_£^>4 jlj A^jj 

4j»—J lAsL-dl k_jUtstfl Aa^xi lAjL«ll A~w?~ 

aJI^*4j ajJI jJLJU- j (_j aJI ^Sl jJIj .iiULI ./?! 

cjisj i*u «*J -o-jii cr «*> £>=-0 v>n ajpSii 

^ * » ** 

j|jL>*j^f I JjJlJj jJl>*JiI (1)15^ \^Jl5k 3 . lwbJL>- U^jlS 

<■* f 
^Aj 4^1^ l^li oJlpIaHj oj5vJl C-^>- J>-Jj 

l^\ 90 <Ujl jj (jlS^ lij £W2J l)I ^jPjJSj J&\ oJplill 

* 

.Lo 

<,A^-j$ j-iv? SjjIJj ^IJl?x1nai( JCP I kwi 

jJotlil ^lajlAI o J&\ d)} L®j 4<b*P -iiliA 0 j$J 

4 4.a>.1j«.«.^> ^P<nj IiAammS 4 

jij jit-Nxl I ^Ja««Jl (jU li| JbNl ^1 Ijl^A JJaJj 

?cJaiL^j SJjUaJl (-3 j>- aS j>*Z il o j£i\ C»JlL L» IS^j 

4^(jl*^J^^ (j^P^ J jiJall jJl ^^ JLJl>* ^-\JL 

4i>jL^jd.1 aS ••AJSjJI 4*J5jSM aS ^sLl c)I ^aji 

.oli jSA\ jLmA u 3jJlit JSLiJl ^p i l)L>c*i^ 

'y a5-\J1 oAa a^jlS (1)15* 
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jJUl^ 

* * p 3' * 

. iJliJl JjP JjSj bisjl 4jj U> j ■ -•»•*- tlpli (Jtjj 

Thoinas B.) ^^>o i4-jL« 4pLmj 4jIL*j jjaj 

jijLL ol^ 4 jc«1>«j LUJI cjL«IjjJI twJU? t(Settle 

1,5 l^La-yUJ 4*0J) 5,5 t j0jAJ jjjl*0 j_^P 

£jjy« 4>%*0 ^Jp ijj*jJ l4jiljl5LJl AjljL>*iwul ta..,<9 (1)1 
jJlP 4j |JLj I O^yAj ^ 9 ^A 4*^i 

^1 tiJLji jLil Jij .Ijb»- ^Iju jl$>o ii%Jl (—3L»t..~fTl 

.Libojj Z\£'s jisl CxJl £ jJL!L>-ot 

* » y 

ifljjlalL 1 j]a0» l j£± ^ jJlJL>- (jl 4 J t^p-J 

{j>“\ ^£wLyLdj L*3 (^1 (jljlJl t ^1 . /^ »i ^l^lJlj ^| (4yj>l(^ I 

(4jjL~la C*3 jJl 4Ajjlf jA Li j 1,1a » d)l£ L» ^JSj 

.*-Lj>- jLI Ls. ^ *Jg L^» A-Jb^4 ^#1 — 

101 »/3 P tl ^y^.Ao*S*1 kAjljl jl» i Si^ j ^ Vbwa^S' 

j j&jj Oji iijjb olJJi ^^p iSili A*Jb jL-:JL <1*3 jJl 

(jw ^l al bo jo <Jp Jail4 j$3 .(_$^>-l 4 jjL*x» SJj>-j <_$! jl jljJ 

43 Jb a y> Jj«j a jA {jjuflii jbJl 4it.»i 41S1 ajj ^LiLl 

(jwL.mjll ^Jp ^j.lab 4w4.i . d4j^Jl^a ill (_$! LfcJ (_SjL 

jljii*j 4J^>0 ^* ..^all <_fijlp Oj^ s ISlill .j^yJLl (jpj Jj 

% | 3* 

^5 4j^xJI ^jA _ &4^ll)1 ^y 0 

64 

.®aJL>-j JUliJl N (ciili Ji?~*)L»«3 
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^ Ml 

I jyi t^..,>- (,J..LIL>- 4JL0 U iJlA (jl tlLji t-i^Aj 

g. * 

. la..«.i <jL tjjb^ll ^Jp 0<L>-jJ-i tb-*jo 

ijlJ?\ L^l ^l»Sn JLiJ 4 j^>cJI oJLa dLjJ t—J'jS>- Jljj 
<j _p*j Jjl>c*j (Onward Christian Soldiers) «j 

ljj..t,.k ^pi (j 5 j£]\ jj j£- Jj»jj .Ajjli)! 

.4jjS S J5 JCp Lgj<<^> 

...ONward CHRIStian SO-ol-DIER-rs MARCHing AS to 

Jjl {y* L^-LS* ob^Ldl ui-Lji jJiU c^JLJU>- ^1 

f l | ^maJLJ jldt! kij Chip Lj)l hixj A^SsJ C0^|4 

* 

^ Ua>-^« toC 1 .,, 4.,a') SJu>-ljJl ij ^0 olJii 

Ciijlj*C 4p ^ hhj Lhh^^^hij O^^dl 0^ tLh(JhO L^ldLhwll hijl^J 


. jjjLij! £» (Jsljij t jJp 
Aa^S ( JS^ JCS jjj ^jhO AjcJaS Jajj idldl 0 -j-i-l C-JlS 
^d d L>- o jjJl ^s (3 ^j^t y^ ^ ^—■hihcdlS" o^dd .i.ialLi 

jlSj c<uL>Ua^> JajljJbji ^JL^dhol .ii'ill e JiA < Jp t_9Jj«Jl 

QajlL> n_«I.xJl < > jjaj (_f*J ‘•—“/z'-i t# jA •Xaj OjaI j£}\ ^j0-Jj 


djhil; JILLS' lJi ?-ja jiJl jU^ 1.1 a ^J^j 

f ^ 

O [aJlS>j . (_£^LSjNI 


. <ULa j olj^j pLjI 4iL«*o 0 C.-»la< iiJb iwJjdl 

^ * 

.01 -o-^LiJ! oliLJhl Li ja dlhiJl l.2.«ia olS’ L JSj 
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OJ L« ijJJl?- 01 OJbji.lS.~ pI 

^ & & * 

cl !I JSIa) la .—^..4 jLwlI ^-JuO OJU^j JjIj J( ,j c— > ^Ju/oL> 

.c-3jJi JlS'U a-jL»5pL»i ^(JLswpAj |*j (64c49 c25 c 16c9 c4 

.ijj/ N UU^ Oils' OJUi 

^JJI 

0 ^ 0 p. 

. I jJio 0)i jj- 4 LdSb*- OlS 01 OJLji <JI _y 

lift O '.(■ ^11 v_J^j 01 jjpo 01S" C4d4j (j 


C.."-' Jij c^Ti. 4 ^rja^< ^p e ^ j^-Sj f-bjl ,)....*. 1 ^ULi^j 0_j->li!l 

4j_ gSH-.-lj 1-a5"l^i 01 J-i JjjJa CUSj ^.j . # Lolc 0j->ldil 43J 

Jl J^^dJ 


^ial— j cjJlJl>- Slij ^e- p <CUj01j jj-* Ji*jj (* j-)l 





aJLiIJJI ajuL^I Ju»-I 5 jJj ^jJl*Jl ^^jLi jl_$j 

tj. i.>«.'.lI JjLJ cJl aJjLaII aj£}\ karl* c-jlS’ 

Apjj (^JUI aJI j>-\ a1 >-j (J>-l ,j-< e^c-1 fj,\ Lajl*iJ 

a-w»UM A.'.laSlI ojiillj Ajb-<ii (_^Jb»-t iw_Jbj- >A>-I 

> 

Jj«j La ji Aii>- Cx>-LaJL^P I (^1 asL^NIj 

IJlA >w- -A> JSj . l J^aAi ^JLa (J,\ ^jA OjA> Aj ja 

d....■>- JiS n j>Sa (j Jijji>til tJjjJaJl 

. iJ,\ jlS^ ji ^ a>iIj 
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i i In II jljmt 



(Willem van Bemmel) <1)U ^Jui <JLj y JjU 

0jJ> l-X^A ^£JJ! f jJl ^jp ^1 L« 

d/* ^^P N C5^“ J^j 

4j j^m .Jl (J^>-1 0< a.JL>- ^^ajl-X aj jJ ^Jj ^Jl^lA-l 

l)I Laj , 6j la.fl.1 I ijliLw 4>«—<*> oJ>l*Jl (J^f *1 Jpl *L*^* 

j*lj^>"^/j t I (j OjjJj^j -Xi.**.* ^1 jjJu 

^jIUj Ifjjj 4j-°Vl ^£03 wXJli tjJLJj . l*-^ yJL-Jl <_Jp fl^/jlj pjJJLil 

.0^/\l)l (JjJL*Jl (—>L>w 3I J <UL ta d>JJ (J 

JjUpJj - 
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{ j\S' j\j£ j^S' 

. 0 j\j 5jI>*~^J li pLo ajjL>- ^5 JitjJl d>^ 
jJw? i_Ji iiL* jlS' Jj>-IJl11 Jj (.ajL>u aJ^ ii dp cupJj JiSi 
u^" J ^ A la 2 :f 

>w~.~lg i_ i-s^j 11628 o (_j cLUS Jj»jj .aJLi>- 3 ^ 

: JLis tajjaliaJl aJL* (William Harvey) <3 jLa j*Jj (JJcJ 

tyujcJl jU»- lil ojJl ^wLf-j a^>-jJl (ju a t yiiL.|j jjkUaJl <ju# 

. «oL^-l AjIJu ( v r P L« ojAjl.,<a.'.i U.Lai jlS” 

# - •*» 

^j-<a 0 ^/ufT^ 4-flJu5^ Ipt^Jl Jfl3 iibjfc 

Id-yaJI jlij jjjbjL-l t—o> jJlaJ 

iillA jlS" Jjts olillsolilj-Jlj j <jvjL*iJlj 

jy- Jo->d.l JL>-^j ‘—#L<Li ji (j“* <j\^a ^y 

jJ j_jJ 0 j>j a*1j 0 j JjU OlSj 
(wJli jlS" <1)L^-Vl (jj . ®oJiiU Ajj^j 1 LS" 

(3 AjLa2>- 3^-3 £5^L»lll ApLsj^j t j (^jL9^1>«LI *A^-I 

. o-b 

* 

La I j*a (1 )jJ A*mA> j JjU <1)LS* lAlk>-^La JLkj Aia^-^La 
jl5 toLajjJl a^kLIj (»«~Jg <y 

0} Jiju (jllll ( 1 )jiil J (_.t$' Ji oLS" .Ula^ 

1>JL?-1 ijLaJbsS- (l)Lolp j OLaUki ^gi^jJl l y> dfjP jj iillA 
j+j j (3 tAjJJuJl 
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J iiliAj .j*—4-L aSjjJI <3J Sijj^ll *Swi 

^yP) ^\p olj Aj^J ^>"1 (_£ 5*^" ^.tfj 

ijbjbj) .iS’J jm-j o^sadJI la.V..< (uiit_^Jlj i_JLa)I 
jiJcJ aj_^uI av 3^L>- 3i ^11 l£J5LJI IJLa 

_^p ^\3ji ^*f* 4 3®^*“*^ oJLfc cols' .(^Up^I 
v—■ 1 .2U 3| y*j j! J-i j^jij ^ t j\3 <r ll J*^>- jj-» (J>-^ aO 

t^ill JJ J* “^*-;j .(_$jJO jjjJI ^Ac-1 i jjl y> 

.t-.laH 0 LI 5 (_j i_^^lall jjo'jJb (Jljj 'J 0JJ3 OlS^ iAU» C*-*->jl j 

Lj>«iSI (0 **>- C^-Jb^alS^ j £^"jSll (3^ ^-*3*^ JjU l-ij 
J yoj (Gonville and Caius) yS JJl < LaJ j>- a-JKj 1593 ic. 


yS 0j>* jySJii\ aJK)I 01S3 .o y* 53“p a«»oL*.JI 

jJp J j* a>JJ <^Jj JLs ([3" jpj ‘(John Caius) 

Al»« ^ ^IJlP^/l j*^>- If^c* Aaj l jyijjtf- 4 JKJI ^JT ‘uSsJU #jb»-J 
( jp a*j j ~k cjL>«1 3p (3j^® 3‘P^* - •i»«lj*x)l_j j -~« ' l (_^ljpSl 

AjQaiLl Al-Blj.sJlAiLp^illj^^JL-Jl ^Jp 

(J^j tA-ajjIAl jljf J ~~*Jl <jf llA Jb *)lj .AAwJLjJlj 

.Ljjjl (J >_.laU A-bjJU 3Jp' Oj^lj (3 ? '~y ^OjjvolS^ 

y~£ ‘Aji^Cjl Ajjj^Jh AjL?" ya Aj ^ lAjcaUM COlS^ 

oJLJiP ^ JL>d A*»Jp JU&Ia*b ya La Lb A* J lp ya 4jy>- jS\ L^»f 

L>- OIS' &4jcbUL1 3^^ * a 3 ' Ujlp .oL^w'LtJl 
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t(Hieronymus Fabricius) { j r *yy~J jl\i ytyjyjb dU dSj 

J-P ij ^Ip ^ ^ (Jj <j £H 

J-iMl y*2ia}\ (J Jjjsl |»jJj ddsM d-JlS^ d■■>>-) ISjJ ,^-jJuJl 
^II lJuJ 4..1all ol j^>\s>A.\ C-JlS" t(iOj y 

(3jS 1 <U*aloli^dJl (_j sJUu 1 

J £*sLil J C4jdpL«*aj J,.,J ^jU iil jl ^dlll ^ymA (J 

.oL~»jNI iSj^ ^ 

(j i_JaJl ^Jj) •,(?’>- Jbu O-di jjLft ilp 

Lancelot) jjl^j o < _ 5 5lLU t^Jall ol gjy d~>- 1602 
c ji jjjIj d*jL* _aJd~«*« (J i._.va , .< (J <~~*j i_*-4Pj .(Browne 

t yVJ dl^" OiiLuP 1 **n*»4 ^J-21 

{ j^»-^r dJUll j (Francis Bacon) j j$L> ji jwll Ifclp 

. JjVl jJjLdJ dill I AiOji>-j JjVl 
Jy>_ !<-“>■ aS’M^oI ^dPj <Jjl* <ulS J^ai {jA p-pj\ (Jf-J 

t5d_^>- AjL^j jij .^JjIa _yulj LA jlS’ 

<Jp (-jIj#) ^ j*> <u£3 J-«UL ajL (John Aubrey) 

jJUj aj^Lp j»j («yS ^s-y> jJ* U oL«-»jNI jl J jii I 

j53)>.dSlJLiT OjLJI ,_5jJl yb Uife jL “jt\ (jjij\ jl5 j[_j t j>^>- 
. * oj^j > ->-~ ; 0 y^>- d!Ai»*l (Jl NL« jlS^ j j^jJI l-Lfc 
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(_j Aj'y<1)1^ «3 .^j,<a.lL 4--il Jit ij^" 

l j£j pJla ie-Lis'ilt 4-1 S (J 4i?*j h-j C -~-~a j\ ^yaJLi—11 

Jc£ L«jupj .(_<j jl L-Jl yJLiJl J—^Lij ^jA ojlj o^jUi 4jjjiJ 



G r “ a 

(Tomasini) y ^]g.)a-£ A--i ^lala 
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c-JjLP jwP 

^^JtJ ji^ 4^-^>- 4Zd*P^ j^p Ixll^* IJ./3P 

jl jk>\ ^P 4J^J yJl>- >A^P Jli<o cIj j^au jJ ^L^jj-Sll <jl 

«• 

.Uli aa !L^ 4 >i^7^ ^p 

4P(1)> 4p|y t4la. tui (3_J^ Ijb 

f. * 

<1)1 |*-W d\sJ . CjIS^ yM ^-g3 ^lalw JI^j jl (.l^ ^ o Ijl>- iJ^S 

K—«l d ll ^ j,iQ 1 LoJUp *v^jLa 4^*1 y« (1^-Py .flLjb 

jJ 4 -J L jJI oJLft JLftLwtf Is Jup 4... < 1 . I.JUP C Jg L..^. j N IJ 
^jP (jCSj^-l JjjX y« <jl 4-J l*ij l ‘i k ^~ 

4j|«lJl ^ ^|^mJ (1)1 ^laT.rf l ^1 

*Vj Nj iJaL-JVI (i<-bt (_,!<■ j ( _ r 4>Lii'yi (iijji 

4P^ 4>^i <±USj iJUill (Jlj-bt y*t 

t(j^P iij^ 5 (J olilyi-l ( jU (J 
(j'i/l (_^ jJLj ( ys»Lii»'ill jtf t(_)jj 4 ./k i _ jJli. Lt3 

4~»ii f-^lJlj t4JaiJl dJLlj y» pJ 4la5‘JI oJL* y» 
olS'jJ-l ijl (J, IJUS tf-^i J5" ( j~S\»)l pJ . Ja(»-.*Nl 

(_J jla.^l IJlSIa j . ^Uixjl 4 a1i^ «y»-j <_^P vijJL^ 

lit 4jj| yal>-t <1)1 (_yV-i L» k_S4 oJLLj (_£^S 
U yJ LftOj ^1 . yiy*-^! y« 4ijL^I l« *Vj t^^ai 
y> (Andreas Laurentius) y.yyyjJ ^ybjJLil <u^ 

^j yp o 1*11 (_jiJb IJb j^lllLo o(_LaJl &Sy>- ol 
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<Jp t jy' 3 " »J t4.,., l fl„^ ll ^ ^j^- 1 jj-! 

««* «* 

f- p y 

jv^3 ^ <dJLaJ j*IpI 3^*** j' ®JI (J 3^3 • 0>l j^o 

.aJ 4~Jb (3^pti CjIpUj^I oJLa 

j t>._LaJI (_j j^Ji-lj *^l |» g< a» iji JjU, <jl^ lil 

> * * , 

AjIj-JLJU- ^Jjii La (jp Uajl S^u jj ojAllaJl a-iI jA (3J 

®ijLJl ^jJI o.*) i—JLijli .apjL^iLI 

t(olj y >-jJlj oL j^jji lj (wA^ljjJlj uS/lj oLjLojJI) 

l^*li ££jL«JJ liij J-*ju Ala.....jl t->jiill #JLa <1)1 

t % iLft jL Aj yt- i ^ .tjl >wi^l 1^ L^LjtXJl 1 l 

La l)Lp il tJbo ob ^1 ^iJI Ajjav? J-i'ill lilJjCLxl 

oUlj-J-l ^<ajl Lg-i LL>Lj 4J—«.a liJjJs> jJllA <jl j»-L»J 
pL‘ 1 ^JUij t^^Liicj^M SJjJLi o j^j ^Lj (_j^- jli-l ^-)Jl olS 
01 <—U oUa>- Jf-L^aij LaXp oLd-l ^ ajo^-^l Olii>JJl 

l ^A*Jb , jpS\$ ^tSl i Aj£ A A A 

. Lj?- aJLj La jl A>- jj 

^ jjp (_£jJ (1)1 IjL$^- 0^ 

^jp L^jl>-I ( J-a«j ULi)l (J jlJL>-jj 4 AaJojJIj { ji >jiJl j 
_lSUI a>wJ ^JUI AjjjJI ^31 JjIII ^jl)L d . <zj I^^^^La y >-'VI 
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^Jl*Jl (jld^s^-Vl d)iJuj^Jl a\j£jj j\ 
tiwJli-i Jpj •IcW \j 1j Ohr ' *-^' uy o* 

.^Ij^mJI ^hX)l ^kLj t>>-U-l [ »**> > L^*<* (Jj | *^ 3jl I 

*Aj jy Jp j^*j»J (jcUl (jCjjJl J! U<2 jI jj AjPjS/I OJlSj 
oU-l ^•■■■i ^JUI jJk f-ljAl Ijjbj . i_..liaH Jj ol jjLI Jls<aj[j ^jJl 
j\P Oa \Jl>~ aJL^vJ (_J i ~* -' IS" J_^jjl t(_^JjjjJl ^jJl J 

.aJL^LJI LejVl Jl |*j <Li>- oULwi JtA>- j^-l^-l 
K-tJL5v.tT.lJ J*_dJlj jju JtS njj.siW sJlA *lj>-1 ^jjuu (1)15 
4jL 5 <J (Vesalius) ^jJ JJ ^jSculaJl i.. :; lall £j\ £~s~ 
Concerning the Fabric of the) «(jf_ / tJl JL| J_p-» 

lf~ij 4t»Jl ^j) 1543 i -> Jo ja JjSl jJLj (.(Human Body 

l , J-—0-.. J l Aj^T jA A-vJ ^ \s > j} ^5 ^Jpl , «»J 1 

jji JatJl jjJtal (jl Juu J-^>UJl (_JlilJl jl~L>- yS- ^jJl (—>j««J 

J jJ JJ i >L^I Jlij .oUL-il Jit -b£ jlj ^Ual>Jkl 

aj^$j£ ol>*u jJLa ol oSlI ojj«j 3} J Ua?-I jj JJU3 
1j-»Vl jj^o JjIa Lol ■^...., •^ -1 a>c~» jl J jJL r J 

^JLP ^Vl ujULI J £U <_W?J J JJ V — Jb » Jj-Li j>«J 

.^~«jS/l AJIj>- Jl olil iJlfc {jA (Jj-^j 

fr *” p 

A^P^J ^jJ| (jl L,^.l (J^JL>- ^LjI (1)^ 

l)^V>- LLaSj U^i 
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OJj J CAj^J-I ^ J ^jJL A-AjLJ| vAjpjVl i-L*Jo vt...>- ^(jvxUkJl 

.^>-'^1 ol^^l (J ^jJl (JsJ& JLfc&j LaJllP j C^jJl Jl>-lj 

1 ./>.a \aj iU....‘.ii t ,^jjLJ jjju> *iJL*aJI eJLfc j ijjLl, i_JLaJl jLTj 

ij ''■“'■I (_-JLaJI j!5 LaJllxi . viDJlS^ ( j^o ji JjU 4Ja>-*y La 
LaJLp J .41a J./3~»J ^Jlll (jl jJ ^ L>-Li jJl-J OLS" (<L>^j-JLa JuS' 
. 4_J| ^jJl oJ^P £a JbJL>- ( j^a Aj jj?' , (jiff t U ... .'.^ OLS” 

^JoIj 4j j*»i VljL j5t Jp A. 0 ■ ./a| j^s^J La.Up.Ajl -Ui^lj 
fljA IwJLdJl (jl aJ IJl> .v_JlaJl ^jP Lilt £4 A™4 j CJjJl (3 
Jxaj iAJL-J.1 tj *<-)lj ^UiJI 

LL j-*> ^g la 31 .^jJl ^£-)Jl V JgL—*J*y I JxJb 1_~>T 1 1 'y 

ijlS^ jJ APojljjo# Ala jJjJLo ^»jJl Jl>«l-aj Jj j 



<—ks Ojju 01 *yj ^3 jL» jjLp ■ *** v_jlaJi 01^ 13 
3 } |g.>«'tfa v_-La. i l < 1)1 JxaJL I )jijM yJLdl t-IJp * 1 )LS” . JajgJ 

^jaj jLjjVi jp'Vi (J ■*—’ j i^3 

pLil 3 (*L^I -^*-1 Jj jS/i u .ii jl>- 

la.... *1 jl (l^vlaj Jp Lw»| JjIa ^pj v^jj~«j 4—La-P al^-^l 

.ojJlxj (_$jJl ^iSlI jj^Lajl £« LaLc ^aljilL ^jJL lth.c ,jvJaJl 
tjjulyJiJI Jl A>-jls»- ^jJl Uib AliJ- JL*j 4jli (jJaJl ^aL-ajl j*j 
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Am^Lal ijJi* 


(Gray’s Anatomy) j>r ^jtZ* ^liS" ja ^ 



i _o^3 Ijp .aJU<a5j L» jl dUi 

<U3j <_Jb«- <J| i^JlJl (J| j>-l buJ* l <_Jill jlS - li| 

-Jl^ j\ ^jj j\ oji j*s -j*—4-i *\yA (J* 

^..*«. > cjj (jL* 6 J^Lj£ j^ .^(_£ ^»*^l (jp |t .lM> J 

iillaj <_ J LaJl jlj cojlJI oLL-’Jl ^ y? y jjSl Ijji 
. Ka-I^^Jl oljil alii# jl ^~jj j^J^T ^-'Ul jlj * jk^a* j j£ (J 
. 1--^-g'-a Alls' j>- iw»lji aJISv»I ^ JLp yju U^i ^ v —^ 0^ 
(J(JjLa AjuIj A>«»ZA<a llA LaIj^jjI (_^Jl kJi|J^Jl 

On the Motion of the Heart ) «oU! y^-\ (j ^>jJl j >. -1.5.11 aS’ 

> 

£u* (J ^JU ^JJl jwxaJI <—»USCJl jJJi c (and Blood in Animals 

(Jl aL* ^s -jJI (Jp— Jlj Uj ^s»*Jl {j* ^JJtP Jlaj 1628 

+ f. * 

AlJil (JjLa < Jjj cAjCjT eeljil L*«lja — e^iJl j^«' jl^4^1 

ejj-^aXi d)l LuSLojj .La A../39 ^JLsLj ^Lp ^-Joa a^jllaj ojla>- ajJa>- 
«* * * 

. Us>l5^^ 0 Ajpld 

jlSj .(jb^JtJl ^llaJl J^alJ ^ t. • lla^i AjIjlJI (J 

P Pm-** 

uJliJl {jA J~ j*^l l— Jli-I (j -A jjjl jl Ajjl4 (j a lllJjl L>t_j>l J 

•««4-l»—il^J^I (Jl LajjJj aIU ^jJl jul^iJl (J| ^jJl jA Igjl 

Jujll UjL>- j^-Ij eL^-l ^ (jiJcUl IJl* jl U*^lj jlS 

j^-Sll jL^lJlj y-oSM jJaJl ju ot»| c -^J Ijs^j (J| Ijiai 

. j>-*yi 814^1 (Ji ^jui (jijj 
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ji*£- 

I ^y‘j JO Uj j*a jlS^ Lis .(_^JbjjJl Hall I J-*j J^atj 

4^1^Iji)I ^p i£jP^~ ^ 7 ^ 3 1.^*3i 1)1 {^ij^ 

^ jiz .Jl jILp tljiLi 4jc«b»- (j (jjL* ibol l)lSj -bj- a-^LLI 
*& t*ai^Jt^aJl Oil sJLa twdJL^l Ji 

>_iLllSlj . <UPjSl I fr^Lal £laj ^ jJ| frlLjl ^p J N Lfil tjb 

(j-S^p <_$j^o f-lpj J ^T-sf JUoL UJ&.\ JjL* 

(J JLPj tiojlia ■ ).fl..t~ iST ^A-l O-llSvi tl JlA.I1 a Ul 

Lpb-I ol j£ oijjVl OjI^ .<Jj•-■ JjJjJj jlS ^a-Vl oi^'yi 
^jJl Lai (_l,l *_ Ja) 1 £jl>- £_3 Ju (_j|jjblJl ^jJl 1)1^3 toL^*yI 

*■ - 1 a 11 ,'lj |JjIp 1 ^jA ^3L*J (jl^i ( ^ j^Jl 

p ^ p 

(jOaJt <jjjj»mjL| ( j" 4 (*“^ (J^*i '_4—2 (J 14 ^ l J***"' 

<1)1 ^Jj*jt)L O-jI Ji (jjl* 1)15^ •<£ ^p«Jl 4 ^jL| oLJLiol LrjJJl 

j-*j IjL — 4 iJjJ Lr j^p jO* ji^i ^ JjsLJl 

s-ljAI ^ .ijCj jJIj ^jajS/l <jviaJI <Jy. J(^jJ^Jl jL 

^iJLo ^Jlil ^A |>Jl3I Jj calp^il l*XA ^^-P ^3 *Lj ^£*131 ^A 

p ^ 

4>wJl (J^L>- L« iijiai fijLijJl Jjuj C^>-^1 ol^Nl <j y*-^* 
^Jlll ^^Jl J bj l)^^" (1)^ 

0 ! L^>- ^J, 

^I i*_oUb|j t(jc5jjl fjdl •,(3_I (w J l dJ l 

.J^b>- ^jJl 
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I 

/ * 

jl? JjLJI ojii I lj& .lj* J J j\ { 

Michael) ^y*yL3y*A y& ^b*>f| iiil-taA 

: L^» Jli ao.i ilL-j <j tjyji\ jljjJiilj JLi (Servetus 

ll (?UJ? IP-ljjLI (_ \ijyj» ^jjl (_JjJl Jj<ji l^JLto)) 

<* 

^^P ^^>tA IpJ 5^- <U*i^illl tfVil? OJl?) . KJlij ^Jjjl 
.(cJjjbbl ^jp OjboJj^Jl a5 ^-1 ajL^JI i_3j 
t(Realdus Columbus) ^ jJ j? ^jjJbj Ji>-N t£j-p> j-^J 

^^■1 (1)LS* ij/C. 5jJl JdbJl <1)1 ij^oi jJlj^ (_£Jpl»«^ J^-l 

*1 /J -t-iiJl J N iJbfc (±jJl 4 jl? *U-I JL jl Jl br dJli 

^r.^a.i iw-LaU ^*jV 1 iwobbl jl? ISJ (Jl^Jl ^ jl9 Jjli 

(^_JbM d)l? ISJ u_JLaU j-«j*yi *»^»bM Jj <jcJ^il ^JlJl 

(^jJ^ (_£jJl ...(juli^JtJl J Jl^ a >i ,/i) Jj-Lp ^«j , yi 

^jJl il-Lol j_jb ^1 {y>j APjJb JJLp aJ? (jb^JiJl ^Jlli ji| 

J- x -gj jl^b Ip^j ^bi I4 j (^/-w^^Jbbl ^*jJ (1)1? 

P’1 y>~l (Jj^® J j^ 4 -4 jI? |t-~>- 4 *l j-b ti ( —^*~ 4 j ^biaJl £^bjl 
d)l Ul yA jj\ obi^JbJl ^j|j ^4 Jj»-j -b d)l?. obL.J -1 ^<1 

pJ>- Nl JjJaj Nj t^jJl {j* ji?l jl jl*./aijl Cx. j ^—jVI (jJaJl 

* * >,, 

(will Jl*j j . 4jiag>- J? JuP — Avajjl JiJ j — <U^?J! eJlfe 

oJLft J./?:.tf tC^ibJl iLSi 15) (_—s»3 i_Jj iiiai 
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+ * * 

I 015 If ^£S 1 I cCjLjJJ- 4 ^>»j J| a^o-^UI 

Jj>-j cA*->x >cj 4jjjj ^jjl ULfe i_u> jl Jbu^ .aLSI J 

ciJJ3 jl^ . ^Jl!l {jA ^jj 9 ^j£- I jiS JbJj U £r*,a.»* iwJLtJl jl 


.AjjJl ^jA _/U^JI A*»ljlfj jiS ^L*J» (JjLj Z>***A 

a^voj (_^JL!l ^jJl ^|./»ji IoJLp ! i^jJLi-l Lv? ji!l o^U- Ijl^aj 
SijjSlI A la 2 . 1 ) c ju! JJiJl i_jl jJal Jl c_..laU 1 c—Jli-l 
^Jl)l C(_J y >-1 ojLjcjj .c_Jjl U c_jJ-l J| oJujuj 


• JJ-k AjI (_£l tAjjjli ^>- 

. Ajulj Ajj>CJ 4JLJJ JjLft 

i_y^^ A-J^ cl >-tpMA ^g>- jLocj 3*\a 131 

U<aJLoj co ijJS 15 j>lLa capL a {y> ^yJ 3 y.j 

Uibj c(J5CUl J.lat..o AiSl) A_j'JjlaJl ojL*_>li 

JLP L^>-LJc >_Idll IJIa j^J _/■-*■■; . 4 jL» ^p^~ 

* 

.iaL-j'yi JUp Uilij 


JLjjjJI ^51 c^Lp'ill Jl>-lj jl JaiLo ^|jL>wol» 

isl-Al £jA> -oC-.12J1 aJj 2>0 J*i (c_j^>-S(l Jbj^Jl) jJI 

ibjjJ CAP^p~j ^ Lj» U C_Jiil J| jljL.j'^l £y0JA ^jA SJUuil 

(_3 jJ_o Ajl&d>- ll?Ll(j Aaa^s>- j**a>u Li j>**a c_JUJI 

l . 1 0 11 1 ^ 1t.,a. o j^p» . ((c2j^11 Jp j 1*1^4 ajISJ ajI^JI 

.sU-1 J| Ijjlp i ja*a"‘‘U ^jl)L 
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(j-' 0 4 s ?J jJl 0L>^JuJl Jajjl jl yl viJUi JL*j 
>_-LaJlj ilJj'Vl (ju JUaI! e-^A-l 4 jjj viJL^oj . 0 i^Jutil 

f ^ ^ p + 

jl Lcli Lol^>-jl lijJ JajA« jJ*j 

^jJl oU?J Cj’ o.XJLi jJLj AjL^jJI Jj tlij*^o Jjjl UjJ 
Jl * JLaJl ijju 4 JuJL?- j . # Jb^-N I tiLij Jp- aJI .Lal».j ^>- 


. jiJLj'yi 5Jiji Jip 

> ► * * 

. jbj <jl olS' jl iJLJwl o-ilpl IjlSJ 

(ji^l^(. n JLll $j>-j ^lujo^uL l jT .. tJ jj^-*)} j^»Vl 

Ij ^...tL-I (jl J Isl J SijjSll; (jul ^JtJl jJ I AJLjJlJl 

c^bjjll (jJU Jj . Jv»liJl jjp ^»jJl JJLj j^l jxjUl <tJl*jJl 

^ ^ ‘ -* a I 1 I ^ yA J-- ■■ I a I i ** *)^ ^ | 4jljj 4(1) jjLfc 

f-^^l J jL^->Jl (3 jl ^'?* - •‘■—^Ij^ JpI Jp UsLj 

L>l .( ..lLfl.1I j>t J 4>«lU (_JlaL| Jp JsLjJl J jj jjl^Jl 

Jj .<jlii>- jJia^ jjii 4jJl j>%j <c**lll (wJLA-| ( Jpj tJsLjJl 

|»jJL) ^\j jJl JA»»i J oij>-jll Sijj'i/I tjbo.'l—> t4..., ij OJjJl 

^Lb Jslt^Jl qjI .o^pI J Sij>-jil SijjS/l J Ij-i tj^«i>«ll 

Ja^-N j»j tOii^j~“Jl 0ji SijjSlI J—J (_f^i W <j_^d (>l> f> - 

. iijb Jl Idjlp 5jJL ^jJl jjJu 
»X*j j .JjU (JJl/zj J^-l -XSo ji 4(jJi jj’jJl Jp 

^jyiljJl)) 4^j»-ljj ^jp ^IJb (Jlji ^ tol 
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jJj . Kt-i—kjcJl; {jo> ^ll SjLi^/U JjJLHj 

AjLj«J| iA^*jU ejijUs f K f”'^ 

” » p ,. * 2 
jl (_£jjp aJI I jlalj Jl IJLs»-T Ij-A.; N (_^" 

. ^ LjJLp jjJj ^ I VIJ AjL*4^- I ^ 1 1~3 P A _ 15^31 Li 

Jl>-j 4AjjJb*oVl aJLa^I c_j c.—.-.Lj 1 *»Lp 1642 ^Ip jJ 

Aio Ij-^iliL-l .jIjM ^Jp Aj^iil AjIS^L*j t 4~Jl> (_jjLft 
"" > 
<Jp toliljJa^pNl ^ L>j Ai^J tAj^JLuJl Ajljjl |»1aoa C-.a l jlj 
■> ,. 

(Jj . Ljj A1 »*i ^JLp jj-wo^o jjUi Jbu oLaj caSLLo jj-^P 

jlS" UI^iS" a^Jd :^LVl JJUjjjkj <_$^jjl AiJu^ Jli jJJi 
ajJaj iJL* ,j^i ^ <_y~^ JS’ (ju l y* jl J jaj 

J jaO ^-I Nj Ljijlxl-il ^ 3 . 7 -^.j jl ^^l cSljJ^I #-i-A jlJilis 

■ (( jr *j 
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* > 

jgJJI aifi 





1689 c(Godfrey Kneller) ^ju-i 


If Jjisl o_A*Jj cC-JJi 4.«»L1l ^jJL*Jl O' ‘biJLi-l 
o^l -lij <jLi-lj JJuJl Jl^l jj-“ til ‘<_#^rd 
Silll jLij oIjaUII jJI LfSijjJ oijJl 

.8jJkliaJl C-L-ill/lj 

fLitj0jj£~a» ijijA iSJJjjj - 

(Robert Hooke. Micrographia) 


53 



olfrL^aail UIp ii ^*<aj •—«*“^' lm <ly^ > JU-1 

> e 

j a ^. aU 3 ^aaII ^oL>- jJl «»Hj aa^IjJI 4aa^«a11 

*_tf5....U ^aL^j Nj .ijjiUjJL) |»JL»i»o <jt Oji 33l«^- ^1 

(^JLs^ N <_$JJt c>*•/?i! *i/l ^g 1 a> (_j oJL*_pNI_j 

C-»lij JJl *IpJJ gpjll ^JLJl j oJlj ilLaJi 

.^UJlLu 

(wa2j J^>- {jA JU (_$JJl * j-^Jl ia jjJu&j 

(Ja^i (_ii a-v? jSn jjp l»jl 5 jjjyjLp j>o f-uj ji ^3^ 
Ji^jj J*l»- Jp slyi Jp ^ j*j iliU 

ojyJkl ^jji3l (JiJ J5i j^p iiUA ^ 
^vsu^lj JLijJlj y*SM :aa-JsJI J JaCj 

JjJlj (ijj^/lj 

_/u-JLJ i^jAj >..>✓»>)) 3 ^a)I IJl* 

An Allegorical Monument to Sir Isaac) <4^jJ 

Iia«ajL j^sJLxJl ^L<kjJI La^>*jI ^ydl (Newton 

»JJu Jj jJ alij JL*j 1729 il-* J (Giovanni Battista Pittoni) 
A.. M yS t3 ^ jiJu> ^ji olij ^^3) .5JL -jA® jps- 

<U*^jLl IaJjJILI ^P ^ j jit J «U*A| <L>-jJJl oJlA CJIS’ ■( 

JuLo) 4-JjJL 3| Ajlp(_jj ^i . „ J 

The Sacrifice «1 : : ... i xJjj Aj^wajDj <-The Holy Family «iL-Jiil 
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.(_$ y >-1 k^-\j 44 jiU ji> Uajl cJlS - 1^53 t(of Polyxena 

(Leibniz j *nJ j ^ 4 ) j ^ 

method «j <—'L~>- <pI 

<—j'Ip ^.iJl j~i ^J3l (of fluxions 

J* *^j)l ^j Lw fcl.^ AP 

.jjtsAll 4jAbi« CjLla>aJLll y> yip-')! Jjp ^ <dai- 
Principia ) ££iLil» oyJ-hll Oulj <J t^S’ljS3l i_.fl.sOj 

]t>yu» <j ^iJl L^lij <LoUL| j] o-jI j (Mathematica 

4>-jJ <Jj>- i_.<TI jSOL. l1L.«»c ^z)l o-Lixll 

oLijlaJl iw^*-U^ (jJj~-» M u—alltf f-^IL) C-jlS^ cJj^i 
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j U...-.o Lj ^r u^JJ <_£ 'jA j < _ 
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i/Jij 'j 


y (_j 4>- j£- Juu <LoIjAJ| i_9j)d«,p .ll^u {yJ?> AJ^j |I 

O^ptJaJl ^J*>~ 1665 (_j ^-JUjyilS' 

Aj>-^ LoAlP^J . 1 _j2j^J 1 ^pljS^ ^P 

Ua.’.*...J t4-I^a (J ‘U-uilI (J ilSlwJl 4PjJ^» 

^ P P 

^^ajLail-l ^tolloj i5"^-lj oLj>L^]l <Jjl^s'ill ( j,'<»« ■ 


.f- j jJJ *Jb>]| 

c-j-^aJl 4 jcJ«iI d)l (jjJialxj JsljJL* ^j4 !jjl>- 0jl5 

tjla.xjl lol .4jLil5CJt (-\jlUJl ^\Aj«J| ya 

JaJL>- ol #JL»tA: ot^s to j £ ji }\ dll; ^isj ^JL)I 

p ^ ^ . p- 

t3jj5llj tLjjJiJ ,jA*y t<ol$Jl (J t.^!)UaJlj <■ yjti 1 ^ 

«■ , 9 - * 9 - 

IAjj e>jj./l\\ OA>-l t^jJj-j y»j ^^■“"l 

* 

. lisiJ l ~j\ /? i j > Jlc- jjjjJaj AA^i^lsJl 
4 J 9 <L>_jlj jls tel ^Jlia^aj loAlP e -j /•>!' 1)1 I 
tol^il (J,\ tjLLi ia*»j (J^>- j-»j loAlPj t4^>l^*jl Sjjlj (_£jL~j 

j ^ Lfi lip 0 JkLj IAjI) J. | >^ J ^| t 

tjjju jU? U jL-Si^l a>-jJli jaaII t(oLo 

4 AJj jxJl jiLxJlj o j^JLaJI ijl^ L» Aip .(Snell) Ja*»< 1)_jj12j 
0 ^lai J JAp- t^ji ^1 jSI ^jA j (Ren 6 Descartes) OjlSCp 
tijljJl ^ I^L>-IAj U (fILL dJU ejS - ) <u^w> 

0 ^jL^aJl tl^lpljAd ^JIaj toAlP j ^ -'- ‘ J <*ll cjl^J^ftj o ^ • - • - ■ ; a 
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(J ol jtA-\ 4>wJ>-lj cilo^jl (_A*ilj^-J (l^-ll) (_jJbJl 

jl 5jl» (1)1 a] (JLao (j (JjL>- 11637 Abx (Jj .p yj> 

, > p. «• p 

olj_^5 ^bJ aJL tpj-piJl Lila ii ( Dioptrics ) «p 

.O^JUl jl(jlj^jJI d)bS" t j'jNI ^ja ejlji 

L ya~>')ll p., jbL!l 4>-j (Jp bUi u^i ^ 
djJjl ^ iS^ ApIJlLu^I JilP C(_$ ^>-L jl Afljjiaj tjjJbo (JLa!I 
<Utlai jl I)jJLo JjL~j (J^\>- aiLii jl il)jJLo j*—>■ ^jP cilJJjl JUp 
j*Japl Aj^j iillA d)l5 Ojl^O -L*j .(jjiil ^l?-jJl l jj> 
Cj yjjj Christiaan Huygens jb>*lA tl)Li~) J>) Ljjjl pIJlp 
(_ j objiaj 0 y >-^oj IjJlj La (iijJk C-*^!JJJ Robert Boyle Jjjj 

43 ^Jta e^pJj jlj k1)LLH IJLa 

t * yj ^ i * tlj ^^wij ^1 Ail A*3 ^ ^1 1 m3 Lai . t yj ^ ■ i 

. Ja3 

Aj ^ ) lwt^“ ' \ ^ L ~^~ 1 « 4 i,/3 I 1 a.) (ajj3 (^15 

^Jp ^...aJl (_..^'.p JJbb (Jjl (1)15' L5 ~*" a»^. lal 1 a*jJlJI 
.5j^'1 Jjjs d-)l5 ^jlll t jxL A-Sllil 4-JtaJLb jl>tlJl 
./al./■aT'^-l ^y> lji>-lj a:a. il}jA .a~»JL*JI aj^iJJ ^5_^-*5 

(5>*^Pa^Lp L ~ ■ *15^ ^ La^*pi^ p^JaaJ 1 ^aLhI.1 

CjLLiJl jj-ftj AoL>«-^ (_J ^jA£*J l(_}*5b»jC' aL«J^ 

AjLwjJLp j5jj .#Lil _/Lg-iJl A)b5 0*)b> (a ^Jail 
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jls - iJlji-l ol y> aa(^« la J L^ u -j t(jJLaJl y> a «)at 
A^jl^A aJ>k^Jia UbU- lp^l5~ A«g k/3t ■ /? J . lj^>- ^jA (J^l 

yr^~ ux aSM*JI *_sL^xS'l <j (Boyle) Jjjj JipL»j 

0 jjli U jjli lillfc d)l ^ ‘ i\iy. j-’l-® <_£i t A la «j jliJl 

AJUal^ul A ^of T <jl A«,<a 1 j c^j ^ll AA^Ja A3 -\j *.. A iJ^A 

cA~jtj iljA 1^ jl ca^jj^ll ejill bjJa ^_.l.,<all 

A 

a jLoJI L>jJ OjLaj J JLpI b| idlS’ ^a j c«ceiiinosssttuv)) 
AJlku-Nl j1^)) ULxaj «Ut tensio. sic vis» a-^J!>UI 

cAj j£jl}\ A-bdil A3v—J A.T...A»»iI wL^U) da0 
.(a-^J^(J1 AaLIIj yu?x+a~> ^^uUa- A~A ^^|p aj^a (Jjl O^jI-aII i)jA 



9 > * f. f, 

.t-y-p. Jlj| (jjjLJl 4l5> ll_£JLlS'l AjI L^" jlS' 

I(wJj-L^jL dUS ^jp j^j 

4-dj-JLaj A3 j>t^a A.y^L -1 ^P <A*^dLll ^Jp ^'LJajl 

^p jl^3 Lo> *^l 5 La^Jsj- ^-ijw 2 >Vl b&jj>- e 3 r*^i 
. ft L_ 4 * y? *y 1 1 _Ap-^>- ^3 ^ 1 l_Ajj^>- ^j-y ^«-> ® AA^-JLa A *jx+ > ^1 tdib 
iJjJ oU-ji jjJjScJ Ipgi-Ji^j (jjj^'j £}* c^HJ 

^gr«7 bc^ LgJ^J i|^lj^]aj J^>dA l)15j . AL^tA 

. (J^b 4 p- y+0 d^-bt l)1 y^y Aib ^L-VI 

A* 

<a£zS\ L» —jti./iW ^Jaii {ja Ijilj —jlstfllj ^yy~> ^y>jCU*\ 
oJb*-! U lil .olli>- , !All ( j£*->' aJ| i»jU<j>l j tA-Ls ^ jj jiS\ 
LjaT l 1 jJL>- u_jki iSlij -iiLLi jjS\j -iiij 

i ' u 

(JU® 1 -^.-a l ^ A^J C_JL5^J , j fl ^I U 

/^fSvo-J 9 . ^ jj I l g'. a JLd 111I Pjjyal I ■X> t-.I i * « ■9 C (( A*. «^3 J 4 jc«-Ja^ l.f 1*.. P 

L ' ^ I ^J, A «« /31 | ^ ^O >- j L ■ ■*■> 4_^U^ o jJkUi ^P J j . /^4~l 

> 

.jJ^L) ajIJUj itaL^aJl 4 jcjjjj (lignum nephriticum) 

( j—t*lil j 4-i^j ^j|^pi k_^l»i-| IJLa ^3j4j L»AlP 

i«-il JLiljj A-lijj i*-il -iiLLi i-J j 4 JI Jk^\ -Up -JjLJI 

tt_gI ^b>-jJl ^JaS »1 ^Jp jjJauj A..«>a.*i A^iJlj . #A jO-s* 
jla'.ll JLp y>-< 0jbj l^Jl jlkJ\ JLP 
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4^1p 4a>-j-s» -^Jdj jJfcl^Jail oJLa l j£S .«IA^>- 
.((^Ls^j*yi j <u^aj (1)jJJL jJU (1)jJLi jJU 

i _^aj jlL*Jl 4ijjpUaJl aLHI 4lljP j ^jAj ijjJ 

^1 5iLiiJl c-fl./aj jl iiUll iljll .oUJ o^aj 4 JI ij <_£*■£■! J^J 
OV ..^a~ LJL$vj jl 4iLA ^Jp 

* # a* 

^lll (U..^LuJl IjJlp)) JL 

iiatlS ilijj f-UL iljll cJaUllj .JJ JA Sij>- j£j jl 

. *a~»S^I*J| j»LJ.I }L»j alii (1)V® 

4j^Uw> 4—j £-*9ji 44«a»-b>-jJl j^Sla./all i j_j 

* 

^l*Ju LJ.-'jj .<Jj£*j» dli>»j| Cali i»oJb«J AAvs^Lo 

la jl 4jjJLil OloljJl!l {jA Ija-Lu lla<v,i (_$lj t^rla.»H jjp (■ yj> 

LiA1jl>-I OLl^jLmJI ^_ >-Jk> lajup cjUL- ^ 

^aj .j«.,<*aT jl ijjlil jjljjJl OpL> jl (_£(_JI 

Jb-I . ^g<«) jjljjJl ^yt Jujll j^la' c^\Slj j\Sl iaj-jJli L^J_yjJ 
y l-> .. a jl ^1 4-^^p^ 44 ^ 1 laa 4£^P ^1 lUA 

jjlji qA U j£a o jJJl (_£iU“1 Sjil «JLa (_$t4j^il*a ^ 

0 > * p, ^ 

■ %‘br Ua^i 1 a will ^1>I ^ a ^ llaa 

J-J ^j-a cJ>-IJLJL; 4jjj*ll 4fljAllaJl oJa 4- a./?J ji jA <1)1^ 

■ 4mJlJ t ^ jwi f * 4jL£^ / j 
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o*L&L > - QLaU^iT...' o^— -*.ap 


iA^Aj ^“j£- jL^ t^nl y^J (31 {j* j—' <J ^ 

^t-P Oii® aJU>oI_j Ij 3^“ •If*'*’ J Ijl_« JU>-lj 

\ak+p Lo-XtPj .«^lla".»ll jJls ^y-P a j^y* (j«• Ljji t^ivla»ll j 

cl ./»»■.1l ^SljjJl ^4 JUJLxJl® (_$lj tAj aOp ci^ J^^*il 

A-—« eU-Pj jl^Jl t-yp Aj^>oJI j^5^ LoJUPj . ®Aj^ lilj A-aJJailj 

- 

1(|A>- Aa-jIj AijjJl aIjLo AxtUa-g ojjli 0>t j',:.,A4.« 4 
0->lS\3 A-jlS” SJLiu 1»« ■ ^ bl l»l 1 g*4 y» p\ 4*:..A a Aj*JL LfU-l-bJ 
jjL-ulj ■ A. « jLJI tiUj Jji-b *lSjj <_£ jSH a yk^p a j>\} aJ JaJ 

At..,^4 ayl-lJl OtAAL^ ajpUi ^jp ^^UaJl j Aj^> cJl 
.«5ilS *lijj» AJb»-b a^ jIJj #jl(3| aJjL 

(J °ji' i iJ (^*^i j*J '‘iSjt jUj>-Nl yP *.j <Jj 

ojLaJl>- SI caJLSjiJI Oj ja)I ^j-o Jbjll 4 <C—p 

<3 j jli |*Jli jl_^>- jli jl_p- jli <3 jjli ^pA>-l i_ivaoll ^j-a)) is jla 
(jl j^-jU (3jjU jup li (w-^JULS’ yLpli jJx^Xb 

. *•'. —— X | * |., L I \-jyP ^1 Jl 1 A —1-4— LaP^ . ^ ^J[*<ilj ypJ ^P 
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llaa isjP cJbO 1S| tfrl jjf' AjjJuJI ojj-^JI jl Ja>-*y 

. ®frlijj 4**^oj y*A Jl c^JjLstf 

J* ^js^' t>* iff? ^ 

J5 JjLUj J~^ L i fc — jL> illlA (1)1 4jlfrl j 5 <J^l>- ^y> 

t^^oUSlI ojlA ^jA ji Ij JJLP llLfcj)) ~4jj^lJ\ ^Up^I j£- {jS- 
— L« ij'JU 4 la*Stil (Jjl >*3 .^il — K 4 jLijJl 

^Jl Sill! 4jc^l? ^|p (—4^J (1)1 —4)UP Jai-I (1)1 if^ 
(^ ...<jI)Jo N 4j>-j Ju ( (jj^S - (-111)1 jl ^1 ^aL>x 3 t jj .^311 oJLA JJLu 

^L‘l (JIS ®iolj~i-l ^IjjVl)) OJb . (l4JL$jJl jj■ '•’ll oJLfc £A 

if y* *^1^-1 ^ y * 3 » JI jl-s-^-l (J Irl 

^^>-1 C)-Jab^ ^)jl if jJl t - |p^ tlpl^>-l 4 jLa*3jcJ***I 
C-Jl^ li| L» (_$jV 4a.,a*‘.fr (j 4Xl>«_-uj <_£ y,<3.1l (._..,«9wll 4jJaS 

JJtP (J^lpljid 4^-A ^P A^j^laJl oJLf J^ 1^"■ ^ 4-ol^Jfc fr^Lfr 4j| iiljLA 

^y> *>L1j 9 Oolj L*J tolplii 4 jI ^tll ^1 l^>-*^1 <—#jJaJl 

. ^ 4-. wj31 £'l>«jjl Lft i^s^2)P'l 4j ^jJl 


63 





tn+rtfti., y 1 Ot*tl*4 to+£y /^*i, 

ipiri N^rAw V- ,*r***f****L *X ***** S p *£(fc*h "*** 
l+~ ? if ;> v»/' ' * 


v*^-y 

fl ^ 

|f; ^**i- •/ ✓< / hw m/ »y 

(f« V- y-^£ rh *~ ** 

7L~ h /- <&*£ 

***, yA 

« / &&«• v ' 

7,(V*ti«#^ 

(WwUv A-.ftStf •*■ *«J 
iml) (&Vt. 'l»wrf 

hH&A. 9mi(L n- cr&*~rt} <j*JUl 
r, r. 4, ft. SO Jt*£ t^rtfn uvl 

» . , /7 / .. r fv / 



* - - ...__...„^3^s.t 

*■ tf' ,’n*/*-* •-** / «^ , o jm 

•Hr «A •■»- •**" tHtw, r • ) 

ife • . *■ *«►+**»«*#. orwnt %***. £•**- v*"pm p f 

1 ■ ■* " -. rtrt /■£*/- /«*»1 jkxXs- *pr£t) *“ 

i*L. ww _TT 4fec: 


(<bUi?-*>L- yUj ^ &nJUa) Jls- Jiyj) 2j^ 


ji- jUiol) A\ae'.\\ ojjfc JLp ^y^Jul 0^ jJ 

< JJs» IfjjJLi c(5j j./a.)\ tw^liS/l olplSs <cUfc SjJ jJl ^Ijjl 
^ 11 o j-t iP ^»-iL. J l 0 ^ Cj*5** 
J J ■/** A-JlP t aTlt.1 ,-»5r...' ^ .,/?•>- j Ajs^sJ . <JLp ^g/jwT.nl^ 


64 



Aa./>\ Ua>- .^Llb (JJliCj 

j-1_(3j^J| aljA*Jas ^Jp Ad.^aij 

<* * « 

(joJai (_^l IJli ^ jl lijjJLdl 

L^Jl>-l ^\Ja->- ^>ljl>«l~«(l JLp A~»ij a^iJl jlS^ . KJ/jjJJI 

<j£1 .^>-^1 cf ^_r* ( ^r >_ ‘<ijjl 

aJL jlaj 01_pSll jijJLdll I jli 

(_j <+a jj ajJaS Ljjlj Uij ii»Jl>-ls aJ jlj ^»IjSM JL>-I (_j 

tjJjSJiJl ^L>ui jl^« (J j j.JLlo .j l!JL«*«Ij tAjJiU £-j 

s > ^ - 

,JL*JI A^JJail isjjJl jlJl>- (Jp l/Lla J^JLs 

A*aI^J| (_£jl ll)l AjCUT aJL~j OjIS^ t—«*S’ 

p ^ p 

ob»-jJ (J Ls^j-U ^J*^5 cijjVl ob-jji i«Axsli!lj 

.^-'bll ob-_p_$ jJI ob-jo j_j jAs^Vl ob-ji |»j 

<» «< 
aI^Jp iwJ ol5 Jj 0 ^)N j ^I ^ -i A1 1 [ - aIj^jlii 

A—^-j Ob-PjJ A-stf^pj “U^j-Jl ^JJ A*tfJj 0^«ip 

^aljlAl jU! Aj^ C-« ■ abJl j liLb (jl^ . 

. «aj«Wl4 ^L*Sjb (_£ibJl (J j.^aJI jlSl 
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<Cj j>^ yy-> <la>- (j^JJl 


<*4Jijjhi\ O-Lp* jLijol La -iiLj* l)L? 

jlj-Lal l^l ^1 tOcJa*a* J j£o Jl5 oj^llaJl oJla jl jy { j^J 

lU-A *Xj ^ • ^-s^jLp ^kl^ii! 

* yjs]\ JjLUj <uall5^ ^Lv^jl jj J LdL i5L-^Vl 

* P > . p- 

iJjLiu^ Ljij djJi>-ij t ciL-lJI £>jLiu ^\p® 

^ oiiUl £jU*- JI y^ll J ((^l>t>-'yi 

tvJJ^ ^j-a ^ ^j^a 0^^*P P , j^i«i^«?JI 4»»«a wLa*j 

.«1$15 oAa y& \^S> *j,*aJl la.«oj 

yjS. <*jyZZut*j * y+P *^*1 jl Cy^ ‘^'J 

JJa-j (jliJt j^-JLlll jlSf .I^J^ ^I>c^ jL> ^\P jl^JNl 
^P frjf*^gll O^*Dl 4*4jJLP ®ISjL t(J^^/l j^JL * J J aJj* 3 La 
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i/J?' Jl**-*J 

(j e.i j>-y> C—ilS” j JjoIj 491 .,a»p jlj-1 VI jij .jIjULi 

.AjIJlJI ( j^P P-J^'l ^L*-i 

,_s^ »—J^jb»»lJl oJLa Jltal ^^p I Jb\j liJp t£j?r\ 

4—]| jy *-• *> (^JUI Lp ujjp aJLaJ^ l : . ;: «*< VI IJLa ^1 

p «» fr 

4»*—*bi-l 4je|^>) U. ljl<C —p 4*5 ^—. J :- S ^JJl d*9jJl (J 
ejUl ^p ^j.i^flT.j .ilSvj V iJlA ( j^J *(ii ( j*p W.,<?ll l^jtl~p) 
J^p J>-|jJl f-j■ -*'' £-1*^1 Jjij ;J«9 {j* (Jl^-I C—>15^ .ebj-Lill 

i.- a .lai (^yiJI ajil oJLa 4i^J c49jj«Jl ^P jjJLia (J^b>- eJibJl 

lJuk (_j Jb J^-l J iJiiL) Uoj c1jJi>-I JLi ^.^..JL>- 

^^P ol^-IVl 4 -^b| p 49*Aj Bj j■'*<) t aS^ L ^pIjj C£-^Ul 

p * 

<jlj jj-ll* (J^a>- L*jjj«® JO»j C—JlSj tl-X>-lj IJa»-lj 4>tlaJl 

* *> 

.jl*iA-l (Jp oJJ-p3 •iijl (J^ 
. Jli VI ^1 P'jj ■,i'311 U j&JLi 4dj y^P ^ ^Jl i_LJUj> a Tjlp(j| 

<1)1^ 4(_JjjVl ^jjudl ^p t-jLkji ^j^P ^?"Vl 1—9jiaJl ^y> pljLjlj 
L# Jl aj^UaJLl J-^aJ IJlAj 4 AjLp Li>«1p jjJ 

p-ISjjJl 4*JiVl ^jP jjCJD il t(jyjilt (jJajiJJ lIjJl?" Lp LgJl ^ll 

t4JUa«.«Vl t———» dDi jlS- .«pII 4*-iVl ^r^l jL»~^iV 

al^Pi ^ p.UII (jl^J 4jjL—JL p 4>-jJj j ~*&.J LjK jljJVl C^IS- jJl9 

4L15 ia-il ^p t—iJbj)) — ^yj (Jji j^,4i 11 

• ®4jjLfl^P 4 >-jJL) jL— 
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J S- j^S- Jo-’rl 

0 > 

f'l^j£* o^)L*p to^Ul 4 _lS^ ^jj aJLxS'I jlaJ 
:IJLa Jj .4.U.0.J iijJaj jUS^I Jp Ag-.laU iijLp-- oji 

<J-ji ( j/»~'tf-j ilJjl l^li jLi^l Ajli jjJJl 

. jA j jUU .®ljui 4jli (jjDLl Ijili jl^^l^l 

C(jljJ^/l 4 _JLi ^*jP jjJ J l«JLP .Jjjll ,i3Ll_A jlS- .XiL] 

4jj. IJLaLsj- (JjIa- 4j ^^JcJl ( j^« »bj^ tij|JL^-l 

o IjJl c* 1 !^ ^ ^ ^ - * 15 ^ L-j>- 14 ■■■ th K Pj c l-^I j j^i —«<>j 

(ju 3-3.* j^T11 pI^il ^o (jjL« frLjL m A ^ s ^> .Jplj 

J j 4 jjJL» JsLojI J 4jJUjlj l^jcJsjJwi* 

JjJaj “^rr'j tiviNl jS“T S»La< JaLojI 
jl i^jAj (jl£ .4^» JliJL>- ^}~*i | ^j 3 ~“ ) ' ^ 

^jjuu (_5 S^/viS" .Xfl. 4^ Lo«xlpj OwA^jJI jl I /^_p 

^jCj jAj Ojj Ja3 ^la«.,«l jl ililSj • *,a± O^li-I 

.((-UKU J«iJJl i _yXftllj 

jjLs<»l (^1) jl>-Ij <jjJ ^iSl Lil_j» ^btJLJl <jl^ lil 

liJlsf AIjJj£ l(e- >a . l ' J| JjL» jI i JlijjJl J| JJl« 


Jl » f ^ ^ ‘ - II [ 3 j L* jA J l | (3u *< *■ I . ^1 t JJ | ■ M «, fr ,( 
J«di pjj - ^ 11 CjI ^J«j i« 1>.».I (jl _^JS/I® .4 ^«iL^VI a j .,«a 11 

Jj tLa jaS- JLal»j 4.»..lall ^L»>-j/l oLmxI^ajI jl CjI jl~$jl 

.((A-AjJaj aJLmC»I l ^oj\^os>- 
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t /j-' 

ip j»»ji Jj 4 jP"-l j jJ i4j| 4(jlJJ»AI jA ^j^«lSf I a j ‘|<311 

ilil* ijcJll ( j^ ( j-jU»*l« ^r\P JaJl>-® <j| jljJ j/l AjjJjj^ 

V t^lL»Jl Jp Jj~>>j L«jup . KiijLiia i^j-jjj jL-5dt>U 

Jj J <_£jJl I 'blj is-LiJI (J (_$JUl j^“j|l j^au 

f. > 

a-J-J? (1)1 jJl jlj^Jaj jlxUl l^ iSjjJlj 4^-liJl 

* f- *■***. 

aLJl j/l J <0L^ld..~~.l (jljJVl (jl -Xilxj L/ij| OjlSo.3 (j!5 
Jaii j^/lj 4aj-sill Jp La julJ oL^J jaUxo (_$Jj 
oJbco» ^L^>-1 ^y» 4_iltli 4 jN (j^JU jlL*Jl .iw-^Jl JijJ (—Sjp 
. ((a jJt- l jj> j*S I jJJii a- j ./all jj* l-;*-* Ip jj oLla (3 Jaj 

£**lj £-UaS Jp JJ-S3I JjjA-I Jil 41666 jv^klw) ^Ua* Jj 

O^jjj ^y?*19 4 jjpUaJl ijLjli J>«Pj (jljiaJl Jus 4<jJuJ 
J^Pj UU- (_£j>"Sfl 4,-»aJL*Jl ^yPl. J .1J O^Ij- li jA 
^jjjJ lol . jjd all; ejlp^/ (Christopher Wren) jj jiji-jjS’ 
cSj--* ib—>l i_ - ja. '- o Jl Jijjl ^Xjj\a\S Jl ilp 

LjSLJb £"J^lj . aj^aJlj jjJJl J oL^LjJU ^jjilSjJ 

* 

d j ^ »dLdj ajj (J jj8j L^l ya j 1 ■ *' ^Jjk Im^Ip 

Jj 44-^Iil 4jjtaJ-l aLjipl (_jl>*pl^ jllli ijllal a jJLp 

4jj>o 4 _jc«J-I djyJLi 4ij^ljiuu ajjud Jjo 11672 4i*j> 
New) « jl j) j|l J a j.jall J j?- aJbJLaa- ijjaj# jl jlP Ju?- ^JUl 
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Js- jL* J^I 

((4-i-JjjJl ibf (J (Theory About Light and Colors 

■ lAj.i./a' < _ 5 rJl (Philosophical Transactions) 

ILa Ajj . 1 o^\P^J j>xZj 

4j| iiyk t jlpl Jii .elJ-1 JlS ^ Li L j»b £|Jip ;[£Jull 
l^ ^ Llj J^9 (j- 4 i—JjL»dJl aJlA <U~jLj (_£^>-1 

«£_£iLa# O' A*j (^^9 j*_P^—x j) l^b iSjJL) £jLJ| ju.jJj l$^L>j 

.(ai« a5j j~~» ^ jL 

gLLxj (_j o*xp c-»lL>lt^ j>«Ia JLo td)_jf-jjJlp jLI 
jI^jVI 4-lp (jw»^^*11 jjp’ yj ji i41»JlI (_^l 

jKibU ^1 *_»ap ^aiJl JJUd! jl j <^Li V j .f-IjijMlj 
JbJLiJI <Jl*j <.^yjy l j^S L*-J» bj>* u-» SJjJjLl 

f. f* f, f. 

OjOjl *^ l Lo Lot CaJlP L>wL*j IJLA ^ (jl (J,l 

^ lla««<»I ^JLp I^A5 , | j ***.Jl AjJjLL? 

^JjuSj ^»^ a " < ^ i,a *—■ A *la,)I jLIXjI (jl^J *Cj j£- J j£> 

<UsOP Aa 9J LoJllP tl678 AX— ( _ J is- jdJl UlA Jij 

iiL* ob”j .o 0y*y&j iilJLlT jAjJl aJj iljjJI 

oL>I (Jljj ^ Lf Lb>- ^i^JI 
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£ji 




nj’i In II &jj| 



olj^J 


! j > as>-')}\ LjijJ iijjJl 0 la«_i la ^Jjjj oI L« 

!yu-j c—^-Ul laj 

«■ * 5 ~7^ 4-j>-»a ^ V 

j Ifjj* -djjj <Jj 
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^L1 Jj>~ I cji^Ul £jl>- 4_*_91 ^Jl J-ilaJl 4 jLJ^~ ^ 

^p tl)i)^..^jLJl U772 

;4j>rla.,j Ajjj*j A-Jul 6 ^p a~JL>- a-^'^ $Ljjp i 

«*• ^ 

(jLl^-ljJl OjLS' . ^l>-jj! 4^>wi> LwJai ^ '•»* Lfclp llJU 

1*»,/jj ji (^Ijjjl 8 3JL^-I^Jl ^las <-4‘^3> ^Lo ( _ J Jlj) 

a ««i 1 1 tf «il t AijS OtaX^~l^ 4^<JP 

* fr 

. aJjUs ^^p JaJL»Jj jj<-vgl A-jU A*»Jp <J^L>- j^»jJ Lj^>- jj j 

oljUiJj ajl»~—a IjjjtJi OjJjjj e-^jJLp i_Aij A./9*.U ( _^Pj 

(1)J)g..Lj jjl 4j*J&jJipl»«ij» <1)15^ lj-3 U_-JjL»«zJl (jj<LclS 

oIJ-^liII Qjby.rtij ^jjJl O^aL tAj_>>*Jl A;v*jil5^ll 

■ ^\p f j»>>«« l l AajL*L 

Ji£ aJ^/I O-La <Jp A*Loj ajla <Jlp-jJl Jip-I 

ijlSj tA-jjl(-)ljjJ (1)1jJajT ^A (^ <*iUS 

.jj^lll i_9 wUp d->JL^- La t_jl_JLlSl JjL^ 
j'Vl »—9t/'lll (1)1 (Jdj^ 9 L/0 "^° j-** <1)1^ 

^y> 0_j-l>*il AjjAI^^-I l—Jllg Ji_j t((l)_^^Jl {j* (j^L^l (1)1 
I j^>- iJlA (jl^ lij U j£- (_£-»jI ^«j>cll 

^yAj jg>-l 5JL-^j ^S1 ig-jJb A^«jtj Ojl<jlSj .'il jl 
i" *il^S «A9jli-| A^aJLxJl^ AP_jj Ul • (_jl A*jLw*-»S 0I a »..U'l 

AjJL>- J^-1,5 AjuL ^Jp .Lit Aj^il y ^Jp L^jJ 3 j 
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OljjJ UljJajl 

<Cj>oVl <U>- y -ijJllPj . lg-5 (J^ 

llJ»...iL..3 teLwo (3jji (31 l —'J^ 1 ' <J^b»- e-lp 



. l^JLJL^j ^ ^ ^JL> ApUlB 


a"^i' 


.^l>-jjl oJbJLiJl Sjl ji ~I cJHj tii^>oJl oJLi>-l 

015 i| lA-jjljiN J^l JjJj>- ,Jp iJL«> C-J15 (_$b 


4jy£ (^3Jl B-li*aljOj UfU^J ^*JLhJ| ^4->dl 

. jLU «lJUL 1-I 4» ..klLi Ua-J^ O^Ssj 01 ±JlSj ( ( ojll! 

j\ • J* B-IjJjaJI j*-Ip jW’J >AS <jb ot j»-^-jJl (3^ 

(Jljj ob^jJlj te-l^jdl ^»Jl*J OJjjl ^ JJL <bU 

|JL>- Qjj ;J| ( j,/a,<? > 3 t—<1ilJill . P-L - b-*>eJ[ 3 l^u^il 
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^1p i_JjlP jiP 

£u* 0 j L» tat cl)jJUl |vjJLp N1)_j^j 

(_^l (J^^«Ij j*j 5jl»JlJl (_j jUfi>\ JjLJl _^wSJ C4-3 <jLji pLjI £ 7 JJ 
olivfjJl (JjLjj (_j-iJl 4 jIi^(_ j j^l jJj (Jj . 

-Up® iObo^JI jjJLilJ jl jj-oLiil ^jp ^JlS Lo^\ 5 Jb>xj t4-jl-o.jC!l 
l)t)(jL-Jl JaJu^ c^i-l jjLijJl ^C' cbljj^lS^jJUAI t ^yaJ?' 

cJ^^Uo j^LU l ^£- 4.—.Ai JjLJI ^wC’j til® Ijj t8pjJL&j 5Jjg,.i 

SjjUalil silll j£>Uu JtJLs Jlxjj cl)l jjij Uj lj^9 

jiLijJl ^L« 4.«.-i» LA iJU ibL# ^ J j>Cjj a..*>^-L.\ ^^bVlj 
oli^j c_A-A>udl N aiJI t_j| j^i jl Cj'^~ l3j . L» Ip^j 

1 ^^LmmJI ^ > 0b ** i ^ 3-1 t ^yfl 3—b ^5 

. ^ ' <31 ^ 

dUA (J ^ cpL^k-jl-t 1)| .pL^^Jt oLtJj 3i*bll dJUu cuJlS” 

cioJbLl j./s»]\ j (jvjwULj lg-f>la».o (j j-LxJ c4—A) ^yj^> f-b*^*- 

CjI jis ASjb CAjI jjljj ^jA wb>-lj <3 3 • jP*x*~lI j <U-il b-d 

jp-b jti’j (George Starkey) ^jb-* £jj^r l _ J ^—i ^bo-ib 

.(Philalethes) jdJ*>b« <u~A> 

IjjIS' j (3 (_£jl^Li® •*jidJl AjIJj (3 *b" 

J. /3 \C- J5 (1)15 ld-w»-) Oilp J l)_3jAj 

r ^ < c—t ^ Q (3 ! **** ^ 1 bA L (^ 1 ^t^^i ^ 

jJU JCP !»!■■»—~-l I jliJl (_y4i jJl® bl .JUw^ll 
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j!^3 V tj/^i 

Jajljj ►" ( j- 4 .JbJ-A o ^ JJ ^lii-l jliJI 

4-IjIa O^i Jj^LA-I c-SLv^J (^1 

^ > > Os 

^?U *U jiai» 1cfc^ O^J 4 J^J W^jj p-—^ 

c— aJJI ^j^»<!Lll . ^LapJ uLaJj A^i <^Ju ^LaJLo 

* ^ J» m 

Aj L*JI I ® I ^ j ^ 4 ^ ^.ljlJ I 

** p £ 

Uajl v— A^&\ Jli J 4^A»l>ejJ| 6 j^jJl 0 I jjIS" . 

v> " # 

Jj>“lj^oJJ C-iJ-s^j jJ uj 4-JuwbcJl 4 jL^ jJl oJlA .oNI JaJ^I".| ^1 
(J^ j^mii ®aam»^a!i ^AuI cy* JjVl 
.<uii? fj jJ^I JU? ^$JJl j>*J -I j-*J toJO A.%%yN*jL| 

44^gAl olJbj-*ill oAa ajI J\j *uj jlji*V 

f, * 

ojlll oL> ^jL^J-I all L^»p OjJ-jIj I_jJlj U i iw L. < t.«^ ll 
^-lilj (ibL* a-L-iNl (_}*?“ ^JJl) aj^Ij 

LI .((30^ LgJL*ji ^jJl) c-^^Jlj (<uL/» Lglxi> (_^jJl) 
^JLp ,j-«liJl 0jill ^Ila-a (jj jju^a ol^® 

(Georg Ernst Stahl) Jlu* c...»Jjl £jyr j* ijlll ^yL^-S - al^l 
.(phlogiston) t_>jjfctAJIj 
Ig^lji^l ^IjjI (_5 ^j) 11^" j A-j^ Ij"^ 

AjiJaS J jUl oJl u Jil jl OjJL?- L« lil .ji-l (j AjjUI <olLl oJlA 

If- b> jlaj Jup (Jljo^Ml t_ai^li ti_Jti-l ^ 

01 l“ala '.a OjUi .jLoj ij>jS Lftp-ljj aaIL^- ti_j 


75 



¥* 

jls tJiLljj .iLajJlj Ip ■j'./i* ^ ^Jl4-I Oj£j 

jl c _ rt Jl'xlil ..J oJl? ^lll <UjL»ji)I ,_y*j) JbJLi >w~i> O*^- ^1® 

jJLill jls I ,lSC&j .1_Is - jl a./ i..a 4_JLa oil. «wiJb> .»^.r!l 

I ajj*^ j£® iJLvaJl Lai .^*jSj <«»•*jJ&^Ll ^-a jj5cj 

JUp jLju£ (j^plxi L*J c^j.i a'.t.II oLS* LiJiS - J f-^la.ll (jl jL-'bM 

.*1jAI J i—ijA^Ul 

jl juJ ilLLl ^.j Ca . I L) J*»ju aJLjJI ojiA CJl^j 

jl <_5^ jr 4 ^T - aliM oljliJl <uJL> 

jLJl .jLJl AxJa® jlj>u «J yj£i> 

.^a^jl jJLull aibcUaN Jb>0 (_5*iSl >—»jA^Uli 

'if ij>-j jLa>»I*»iI (J ejjy*aJL «»P i5LA |1 

*-| ( jLp ^juL tlJlA Llaj (_5^ ■ (jjlj 4 ^<iLJ 

^-li. aJj^-j*o L^lj ^ 4^*ij^jLa ^-P (LLj»*j oL# jl jj^Jl 
jlj jil eijUaJl Ifcl J3 ^j£- Lpljji p-LjI iloNl O l^fj.1 

. (j jSjl £-> jJl /*iJJ ioL/aa ft a ^ 1 la n 5SU»)) 

Jl j^mJb e-j^JlaJl (_£jJ jLtf i_JjA^Ul J^L>- ^j^aj 

olgO a- L» .j C l I t ^ L I jlS' a «« 1 1 Jj 4jl^«,^“^/lj ^mI^JIj 

* * 

. jJL * .a 

Ijjj JJjil Jl^iJl Jjo c_iL>dl jj-JL^Jl ^aI^JLs liliA ( j5j 
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4^Jlj>y tjijjj (Jljjajf 

jj-uf-j (j\£U 4-«J-lail AiUaJl aJUU ci— > jA^Ul 1)IS^ ?lijj 

) > (* * 
(Condorcet) <u-.j-U5’ jii\ k_ij-JuiH ol f l£J Uij iUIp 

JlSj . #<U>,ibLl ob^-'y L-*S"L*ji UUi| A.la»~ (_£ ji JjuJj ^Jb* 

d)| iJLfli aj^pLI aJL jlu o^ aJI ojjfc $vJl Jl>-I ^LsP 

^Ljo)) i_J 

oUj^il ( j^o Jl>-I jS - j^i 01 L^aliI 4*j )l 

l^lil ^P Ajl j^-\ 0U| (Jo-L~)u IJj AJL^J A x >djJl 

? jk+a {j* Jil OJj 01 ij^-i 
t \^aSC ^^ aSjIj jAj C-Jl» Ji A_aT cJli - 

jAj ^j j* J^Pi £j^r**^ A^a>- 

AjLA- Aj-Jjx3( i«A jco OJlilaj (_J\ c p'^/1 JL>-j (j-* jj^U- 

. ^_P A^j^l^3*y Oliol (J y^>- A .*.. * o ^jt 

oJL*_J C~il? J^jJl iJlA AjLaj-Ij (1)1 {jA jvP’(_^Pj •I 4 ** A .,(?■>■ 

P * * f 

( J»oL>co -b»-lj Lils^ NLa Aj^S tAjl>uI ^jp 

1769 ax~» (_j LaI^>- 1 Ajjl^ ^S\jj ^y> oJi>-lj j ^^ojc^a\j 

. ^\J JJ M Jijd aJI^oL ^LiJ' bUiP^I 

Lli (—A.1^ o^JLo jj J>1~1> (_jjJl frills tA.«.’..So JlaIjJLJI OJLi 
tAjt>«JI jdaJU JjjjJb AjL*~it A^jjl ji')i (Jjl)J .A.. 1 ,/i 

toA jjJLp A-ij aJj aJLpliJl JCP j!*~aj jjJSL~A (_jjjJ jJ»J 
xj&au Ajc»«J| jliwo OLfr-JL.) d^u 0 j^TJ 
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4—jJL c-jLS^ .(_jjjJl 5I ii‘lScU #yu*)!! <1 )Ijl*j 


AjistJI (3jj^ <1)| t(_}L> jiJl l l ^jJ y>jj (jc^j L o- y kli 

(ijji J <J*i ^JUl frill j! LiUi y» j*jb^lj .5 Jj_^ ^y dUbUj 
OtfLU) fr^i (_^l y- jjJ jlj-oJLwolj (_Ojl£jj yjj Aa>«JI 
. ^llalU (IjjIp _jl j\ 



h j\ a^Ji y* t t_r^ ^y? yjj* 

John French. The Art of Distillation (London. 1651) 


iilub ol <Lj jlyN •^Tj #jl ^yJl frill _/JajaJ Jbu 

LuJUpj . Lfcj.i .,i3< (_j <uiJLj jlS' tJj*jillj 0-<kSljJ LUL 

LaJllPj l ( J»sS (j-« iwJW»-l 4j| Jb»-j c^jliil JjjjJl jjj 

4jj (_j (3jjUl (_JjUaJ LjJjj tljijjj) “LjLiII *■"-1*51 .Aall 

. ^*l>-^Jl Ia^^Ls^o (1)1 ^yLll 
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jljjJh>I 


illuJl OAS^ 11771 dUS-u, 

Marie) OjjLj dl (_£jLa Cj* t0 ilr* ^JL«J 1 j (_j 

jl5 j (jyjxJlil JL»-I ol ^yfcj ;(Anne Pierrette Paulze 

l g ..la>- oV d)l j-») • o ^JLp La j& s* 

d»>l?*jlj ijl (^jl* C.■■«.*.«<I jju-k?* j .o- « J ' i>* Ai 


OUa>-tAil Oj^j 

ljl^o-1 4Pjjjl 4j 


IL>J J 


> 

i ^ l^t-.. 11 4 j 3_*3 w\J I 


d-J ^>t>o j>xj ^Jdr ~ L^| (_5^ > ‘ 



. f" Lw^_a^\J I 


A* 
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J.P ji-t- 

^l^j])) ^ j>-j IJi A^jjl ji^l {j* 0 yU-fll o\S 

^ii.3 ^P jfS> yO AAil^ 

(^JUI ^iiaj f-l_jAI» j! jUaJt f-ljAI .(Joseph Priestley) 

^j-—JL^Jl A.~S JjJLjb) ^\JL| a-La Ail ^ IjUJl (3*^J 

P 3» <Jt 

.(^~Jl£)' ) j4ji L-^Ij btCijJlA'I LjU^iia^a ^.j 

^JL/? *1jA 4 J j^-J jli-Sl IJLA ^ oUUl 

. wL»wX>- *jA 

> _ 

plp^ LflbXlP ^>-1 (3^^” 

UjLjjI Ja-J^j AjI t ^cM *L« jl*Jl I Aa 3^d ^ij • 

p ^ „ > ' 

A-o-lS^ ^11 ^I^At (^1 L L>ws^l^ 

Lsi>^^P J-ki^l b>l . 1 ■ * a?) ^ f i AjL) Ao. 1 

JjJL^-I oiljJ i—>ljj laJLiP tl-Juill jLlaJl jl*Jl aljlP La Jy* 

oJLio (_jlJjlii jliJl iJlA j .(«_AA?tll *»ULljj^$vJl y SL?" (_j 

a> ^Lc aJ jJUl ojISj t®k_jL^i5*yi ^y* f-lI^AU .« 

.^jSfl ^p ULp 

*\j££'\ ^I ^^llP Aj^aVI OaXA ^Ja Jl ^ a^Jl O^S* 

AiUI ^jP ®^yu3aJ|i) *1 jAI ^3^* *—^fv*j jj 

?aJ|jI j\ c-JjA^I 

aS'^wIi ^-aS* ^Jp ^aj^Loj (JI^pI l .*,a*.) a^jjI 

^1 lLLj^jLwaJjJI ^j/7^ 3j^a/7>x-U ^^Aa^aJI (30> ^5^1^ wLolx 
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itJL^P J j+£i >*.JU 
. ^.M...liKj J>lP Q15 (jJJl 4.^tfj ^J.J 

(. w # > 

.iU->l c-i^Aj ^ ^j'^13-fc <—^JJl Lo ^ 

0jjjli J"* 43jL>- <L»JlP ^|Jl>tlwMlj 

. Jukjj ^Jy-3 03 * aJu5*Li 0 ^ *A>-^ ^^^jJ-aJI 

Ia^AIP^ y&J P'1 j*JL *0 CPia*> P'Lp^Jl ^ Lo-l^Pj) 

Jj e-»^ ^L-i^ll 3lc!J -OjjJl il^jl iiA3 

.pljjtl {jA lP jj L y 2 '^^ L^'bf 



5_/^« 4—jJLc- p-Ic-j (j ^j^sL/ 3^Jl .L>..5'l <Jjl ^>- 

‘Ujjl^i'bf jl jU. j 
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^L>- Lo 0 L 0 (Jlji>-1 jli tciUJiS^ j>>Nl oVS" lij 

JjJ->* ^jli-l dj. ol j-ta j 

^jJl JLwvuS*! (J^l bu^Ls^j L^lS* a^jj !^jj *oi| 

y^y- J j <J* cJ^' ^ jj 

<—»»d-*j y>*•+» Lo-UjPj .Lv>-1j>-j ^SU y LiS" co L>3 

V— .Xto Lo-L-P J . 7*~Ijl^ >3 La (jl frill A^-ljl (J* 4 “^7^1 to J&J* 
1^-gJJl *yllaj AjI -U>-j t I jjx jSLJl (j^o j>*J jliJl IJLtt 

t(Jljis>-'ill jj Jt>-I C—iDl frljAI il)l IJl> -t^jI-I c ’^- 4 *—■•■*'jJJ 

?di!i _^p a-JL i-jaii! Jjo 

jj-JS (_y«—J jlj^'bll tii oil« (J AjI>-NI 01 

f i) L j jj^fkX^7 ^*•■ 1 ^ L J1 jj^ll i....^I jj 

(j-jjJl .l~ 5 l ^IJL>cI^jL * >jL> tJL)I ijLj .(_$(7^7I 

^iSlj aI^JS^J o j~*& aUo 4 ■ '7*^' ^Li -LI j t^jjbiJl 

(3j>- £-« (_£jLtj lilj~^t Jbu t(^jJl aJLoju jNji 1000 j>«j (_$l) 

toUKJ! t ( j-Ji^Jl IJla ^Lij ^^jJkl ^ jl£ jl 5J .^lil 

(3| L-U£ Jj>tl> 015^ AJL^J tJbJLi >_..1 ^^aJliM jJLsJl (j\>s*7j 

.oUijiJl JS - (j-^P (Jp tiliij tdJUS JS\ -Up JJj 

( L — J1 kUwt^l g* t^T^I qj L»j j 

?il)il^»— jja*}\JI (_jIj jjjl La Jlj^Jl .(jLJl j»->«j 4JI jj?-j 

jl 1774 AJ—j (J (_5-^jJlil ^yi Aj^Lj ^jPhij ‘Ujjljs'il j£\ 
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'Ljjljjy jljjJ jljlzjf 


j>*j ciiiJb jlajLJ 

■*jjj if \*j*r J^ Jr>\ if p ifr 

l lUajI Lpli Silll Jp j£ ^J.*..—j61S 

:JUo ^ viJLli jp ililj .a1».JlI o^oVl 5JvSla 

111* j vjl. 1«■ .il A« o .a 61 AiP j^)d 1 ^.la.^l If j?£\ ^liL/ol la ^ 

p ««* 

.«6lli ^r*^' t—1^ l«lc <Sj^>-\ _ojiJl li v_- gJu *1_yll 

* f* + p f, 

vjLiJl I 1a jAj Ji liLuta Ijli 61 .A>-j 61 -buj 

l>-lj jAj \jUA>- |Jb (_£jJUtf 61 (_|l ,1>■® . A~»1 ‘.j 4..— 1‘Jj 61 >—J 1 j>- 

aJ^I 61 i^Ulj .villi Jjij cj jJl o^vi! <ol*Jl _^p ^Jp 

V4>*jIj IjJfclij Aj»l~» la ^Jj (j ; ,.^») jj/lJliM f-ljll IJLa 61 

. ®6ljlij 1)1 NI AJ)liL ' JLmI vJ jL Li 6*i/l (_y^" 1*^" ^ IJ^I 61 

^.».A.~ 11 4_j (316^"*^l *•—‘-1 A-i ^S^lu (^Ul jllll 

£jJ^a 0-1 jll# ej^ IjJj Ve-AjA^U JL?- (_^la Ajl Jj *}/ 

ji (_i^ ojj*0 ^)LI (_j a-I^LI V®v_JjA^UI 

6 IS’ ^1 V^>tlll IIa (.jUl -L^-^Jl -*l ^ ...J^yJ 

Carl Wilhelm) aJLJ> ^l$Ji JjlS JUj-JI j 

.(((3i_^"l O’l^A® jt~*»l> aJ| jLil la (j-ajib (Scheele 

JjjJall jliJl A^jjl6is’ uJLijJl villi Jjlst) 

_jl ®jUiaL ^-idLl ^JUaJl)) e-\f> 1 ^jjliJl jJjJ1 1 ^.5~I JI^i>-1j 

(_Jilp O’l^A AjI (_i^*~d_^ (3*^ ^illj j Allaj v(((^^j^|D al^il 
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(Jl^i>-I (Jjl>- L«Jlt*J .I-La*J At^J .j^Jl 4jjj^a (_j 
Aj~Jl> jLiJl JjJllajI i(4^jJiaJl 5jijjiaJL> (_£l) (JjbJl 
^yilaj jlp jAj jJl JL~i1 Jjl ^ aJIp ( J-^a>- (_$jJl 

f 

(J-jjJl Jljl>-1 l^lja ._/ii-l *L» '—jJJ 

e-ljJfc jLJl aJ|j^-I ^cJtJ If*® iLjj~?- UjA (J)Lj j*- 3 '® <L)j.> 

?u;u bu 

JL>-U tj-»Ml AiJt>- c_9jiijJJ eJl^-lj AjLjU iibfc C-JlS^ 

Ij |»lij aJ jJl Jjjk jj«-i!l <bjJl { j& 

•^i-^r C/ 1 ^ c-^Jl b-s- aJj^' cHJ 

At~» (_j Lfclj>-I ^Jl (_| A. ba . * .«j' (_jJJl (JjjjJl Jb lil 
<Ljjlji*}/ l~—. i*l>«Jl A~.tu (3jjjJl Ul£4 lAjl>cJl A—£j 1769 
i_j j^»") jj.it.~U jjuiJI (J ( j^JUi-l (j^ oUu jl £jjl 

(3 Aa9jJ| i—*. > * Oj9 Axb*JJ . ./J frtll A 

iJlfcj .b»-b*-j Lx jSli J^-wb ^aJjJ |*j L^jI JJ^JL t ■ jJlf 

bLLft-l UjAI j!jJL» ^joLji] | j»bLa Ajbw jlfi-l 

^jj J.^Ui (L L Uj^ - ) (_£jt-U a ~i ) ljiN j»Jp •“' J *bl 
(_^p C-Jjli ^^s*- A k_i>j>*tJl (J ^bJl jUl O jill Aijlj 

. oLJLiJl 


84 



i_j/ ji? J 



4-jjl_jiy jl jll 


oLS 1 cj< w~>-1_/JLSdl lIj^ 1 JjVl ij 

<c«jti ojc*^- *j (JjjjJl jIjl>- (3^ (_£«5jJI Cy* 

tjUl jJl (Jj .jjtaJ! ^1 SJjIp \^j <*JLaj islii 

. *■ 

■ ^» J ^Jl *1 jfci (^«jjJl £*)a~t> Jj (j la" (_j CjI Jl) 

iljlil 0i>-L~/0 0.il,ijl iJLJl 4jLLll! (_£-L« (J-^J 

t^jJl (jj £L«jNI (J o-*Jj jlj^"*VI <3| 

.oLxLiJl ^jA* I i* 4-jjl^3*}/ t_4Sjl 

^jSUI (_j 3 ^ 3 ^ 0^ cj^ 11 tilJi 

** > 

jJl e-ljil j^m <L*^jJI (3^aJjl Ji 
^J*»-*ll j Igji./jllj Sjl cj1_/J«j «i>-l .aipj .^—JlSv_SI 
(1)I (3| tjLip'i/l J 
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J* ^j\Jr J^ri 

yj 1° di 4-**^va “W 5 y fl>»jli tO^O<a' Oi p' jjtl 

AX * .«Jg Oj\j«j . A^ja^a jj jjuajj'j (lr'-* J J'J <^Oj' 

IJLj- os-jJLf jU L»Jop .Ls^jl 

^ o' alail 4 Ajca-i A*i 1 0*0J la01p))j l ^M.a.vJ I j_j Ajj«J u>-J 
Aj 1 Jb ^Li pla jl jLiJI ij' IfJJ C®pII' j Q»..»oP Ljil jJ 

• OjIj p'jJ* M Ojj' 

la.t.^ o' Oj<J ?p( ji' (JjoJl) (J-jjJ) oJL*-' (_^JlJ' La 

' g ..■>---* JU-p tjJLaJ' ^p Cj j£j (_j^' a' o^JL a!' A-jj'^i'il 

loiiis'j y> ( j^aJL>- (J-jj oJ L y>- A>-jjla (j 

A-a5U' Lj jii <J.iL*j U (_£' C jWl A-j»Sla Olstf^J j' 

CjIaJ' 'OA f L | A » . J ^ ^—JQ . ^ ' pLj' L ■ ya - a' ( ' 

NjL> A)^j t(_jU' ^yijyCJj cKJjOJu jit)) oJjOi' 

* * 

. ((a 1 ^L«j^ oL~*J' N U^L*' p yjf d.aiH Oji (j^rLS 7 lj' 

{ ^4^jl' P' I J t,., t nil ' ^aJ^J' ■ aLoI a1s^“ 1 ■ 

(_£j-i-' p'jjL' JjJlJaj jl£i (J-jjJl (J'jl?>-' la' tOjj^l' lii^- 
jJ' p'^A' (jj£*a A aJ Oil .OjO>- 

Aj' jJk ^jja p'^>-' aJ|jJ jju Ljj£- A-jjljiN ^l^ - ' (jj 

^jlJU (1)1 O-j'j Ojj'yt y> 'p^>- juuj'j <jb>j'j L 

llJjjsj 'Jl-fc jj . y ,J lj jJJLaoJ' AjJ ^^il*J' p'_^L' .,^J>- 

cpL^^J' (_j aJ| If <o^'jJ' ^y* 
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cfl. «>- cl/// 41—^ ^ gsldl Iy 

LoJUp olS' ^ 

IJkj «u.<->^xi (_5-iJl) ^j*^-l f-I^Al ‘C-jco ioLo kiJLL^i«J 

.(k^I^ - ® iJU_jJl J (_y>-*jOxy ^»Slj t t ^<9L?*'i/l J ajjAl 

i A d ..-.t,^ t 1_^ 1.1 ■ G* udl^j i C^ A) I ^ d *.* 1 1 ^X- 11 * 1 ^1 I ^ ^ I l»a I 

.Jj>-jJaJI j^S JjcOj f-ljAI ^ 

j^i lOiliJl t -\jjil jv-^l aJp ^LJl jlk> jLS” (_jJUl jljJl Ul 
j*JUiJl J U £-« (Jljls-'ill »U}1 <A -« . aI I (jy?*—S"Ml sls^l ^jU 
.<jA r vos'! jlii oNl L» (Av*Aj (JIaJI 

4j 1 A ^...) c t •■■* t yj f 1 j^ cAj^I^S^/ J<^ 

^ * * 

ois" •8jj>»- , i ^ u^ji |»-A j Jm^saH a«aJ ^-'«. i 

(-1 ^Al Cw Ajjl_^sN Jl ^u« t- L . t . n . 1 ! JjLj As 

(_\,\ J»»jl As AL-i ^Jb^wJl (_j*)l A,.,.^-a II olSJ ct— jj-*^UI 
o\J&j osjJl Jljis !)Ui Ail caL>-p <us >■ 8 ,/j^i L;Ua>- AojljiN 
.O ^ JL>- e-l j^S" (jy?s-~£*ifl JI 

40 J eJjM 0*9Jp (_jX]l t«<Jy>t~»£l» | r $0- j~~° ijj 
AJjjj (Carl Djerassi) ^l j^- JjlS” L£ JUjU^S" J~>o c 200 1 
^jalpAol Asj a}*>W 1 (Roald Hoffmann) jA 

A^jAaJI t^> r * * I y-A ^ j ^ini A Jl —Vj J , .>■ ' i I (JLL. 
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jjj tjliJl ^a-Licl^l ( j^ Jjl 4Ju*i 0^ .^yLJiil i-fl.tt^ll 

^jJi 4 ^jj14»<*»LS' j~** O -0 

•^rj L 4 p-6* 

* ~> * f. 

pli O^jLS J-&J *(_£** L^i 4^o (_j^ ? ^? J 

jjjJD o^ai 4JLjfc ^uCu l ^ L o -fT ^pLL ^1 j_>- jllx3 

^jA (^»Jl>.*.»Ji *ilj ^ ^ t(^jJ,l t-\ J^l iJjCLlil 

^laJl ^y> ^j£ 01 i—ibLull Jj (_£jJl 4.^.tf.i jljjilli 

v_jL«»i-l UU- ojlji ot Jj N iiwJl^* a 1I oL>- <JjJL \^ j\ <• 

.jJUjJI (j 

> 

^j|j ^ i 'aLfcj^/l JI$j*j (_s*-“*d oIjU 1794 4JL*»(j 

I jJ-^j <!jjJI SbUtoj (jyjiL <Sj 

. > 

t Ji,a (_5 4 . ■ .L>- isA^o ‘ * ■ - • /»» jJ O-ilS' (J^>- Sjjlll (jlwL^o (J,J 4 j jC- 

oli (j-alil 1 fc l g 1 (J__p>-I (_yJt 4-^Jkl 4jl^a 

L>- j&-\ (Jlla iiLjk jlS' t4i^L»-*Jl oL.-J-ln-ll ^jA NJkj 

. 4J «/3 dll y&J 4mmJ 

4-j )|j^^f (jl J(S"jjj ajb Jjw« CJJl^l (JjlJlj <WaJ 4 _oj 

4JUaUU ^Jji <1)1^ Jib .0^(jM 4 j j£- 4ja|Jlp| (_Jj 

i^»>J^ ji|jLC-^l JjLwuj <LjL^j^ll aJj-Li 4.1.,.*IJ UjLlpL l—J ji 

(■ S’ * * 

.^»*)/l 42■ 5.>- ijL^.tSrN 4 ^ja!I ojl>- Ji Lfcj c^11 ll ja 

jS\^ (_ijlaj.«i i4^f- oj 4,1 ./aail JL>o 4_oj!j' l^i 
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JLpL^i 2 jJLi-l (j\j (wii O^Sj .oljll {j* sJs- 
LoLc jZj lfSL\ t4.JlJt.- > - jS> 4./aflll eJlft .4-i-P oli ,b 
.Ajjjl ji*)! aJLuJj ijl L® 
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. aljj (jl (j U L.a..t>z5'lj <_£lj <0l ^jJaj <jlj 

ipjJl ^yk s-L^SUl cJlS" LoJI^p ^liJl jyiJl <JuaZ~* <j 
L» i— a./jjj oJ<-J (j <u5siLl ^Lol ^iLf’ iwiij tS jjLJl 

<1)1 (Jp tOjJli) Al.o.~ * 



<1)15" .ol^sLjj o^lJl 0olj cobiL?*^ j^JUl 

Robert) J^~w>I CJjijj ^jpJU t ^aj£&- t_jl^ u5>jL>*lil 

I* 

Js>UJ-l J i-i-j t_jjlji-l JoLls f-lJijjl jIip! OS (Symmer 

J/uj^>- ^IwaJl d)l^9 .f-lliJl (_§ a>-Ij 

j»j <.tj\. /} . t \ CjUjJj>- (jujj>- (^£9^3 (_$JJ^jJ ^Oj-xl 

k jculi-l jl i-J'jl_jJL| aIjJLj pLjI (_$Ij Jij .j^iaJl Jb«j ^g •-^» j i 

LaJlIpj coUaxil djL>*JLil QL»yjJ oLilailaJ 

(_j j — (_JbM (_9 j^JLaJL i»jjAj jL*j ~j^y M L)15 

.aljj Lit L>oC^i aJuuLa 

> 

U¥.JJ^ ^1'^ e -“-*’Lj oJlA (_£L»«XXP® '.y*+~* {£j)J 

• • t * . • t ■ t 

** w 

jbjjJi-l t-i^L>fcjj (jjJJl Ly-LJL.t.<a oLj^i-l ji Lxij tlji?- 

jA j\jC ^ *~ rt (^Jjl^L-1 4jia *._ 3 jLa.^i ^Jp OjJUl L*5 _LlS^ 

. «<ucll 

jj ^.uLajjJl j./an)\ #jji tilJi (1)15 

jl ^LsL* jl IjL>«j aLi c-j! 5 lil La p\ c JLxJI JU>- ^JJa 
Benjamin) jLLSol j» ^ «5iJaJ 

jjxL («J\ ; jL; j ^ 5)) jjX-o) f-jjLJl jj-^sjUJl (1)15 .(Franklin 
^j &>\jjl i5L«Jl jJ Jj o1>L?*p 

* J 1 

<1 )jpJCvi (ioLAiotJa diljj ®_/'^ ajI^J ol 
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^^Ip mJI 4 1 .... i .e ^^P .L L jj »Xl tf ■ O 4^ii 

Oj^Mtj { i j0 jLJl (j ■* 4x1) 4 iy,j>~ <J1~>*j iS* t“ J J 

jj 'Jli ia-^- (_yJl 4^JkUl iJUlS' 4-»lj Ol dijl^e^ 

c4X>t*i L^JaPlj iiLi el ja\ j j g a 4~' <1t u (j - * ,<^— jJjill 

• 1_JLJL iw->-^ll (JLsA»I 4j| *y 4.1. a i 1 g - ■ 1 j*>- i^>J g--J 

OjLS^ Lfi^j i Ii>Jj oJii f-L)j^53l j) ^y» jJl 
*Ip ^Jl IJla >w4.»1 «.) xp . 5j_jjIS 4>-jJb 4— 

(j^JadJ (jcJU<aXo JjjlijJl ^joJajlj JtfMjJl ^y> 

I j ^ P 4*J l M < ) 4^>t—» 1 | .... 1 

.(j^l—Jl SJljl Jaj <Uj^i» ®^ il*^X (j^-Nl v—JlA-1 (Jp 4*>-^ej 
0*xl e^^^l9 f ^ i I t ^ 1 X.JI L e.1 l ^jL^* ^LS" . j-*l Lei 
4pjJL 4-Jil jl^s (Leyden jar) 
^1 OjJLij f-( c l*Jl o LS" JULL 4^j^>siil 4aJLL-1 i *. Llr-xl 

l joL*il e-LLi (_j 1 jjIp 4X1—Jj jjp v!j*Aa«£j ^Jl *“■<LljjJl j 

.iXaLilxJl <JjX»j 4p|^p»jjl ^ 

p ^ > p 

jjp 4J J j ■ «.e Lji| ^-j Ljj ^lj_j l^xll (_j frli (l)Ll ^ 1 —J^J 

4—XiLJl 4j|jJlj e-ljJlil ^jUa jjljj L)1 j* 1 .. .4.L/jxll ji-l 

LeJXP ((oUl^H-l je». | ^e 4j| JliL# (^jJl *j■ Xllj eL^-L 

^LJl ( j^o tX- *-~jj Je *iLJ UJjI^ la ^jp ll>«j i—9^laJ 
. #SjiL*Jl _y\P Ol—Hi Ls<aj-aa- 4'..nil 
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tS-’j* J^ijj.) ji* U~?-> 

J^jSj L» ^ J J KLoL)1 “. ■ /•»£.)) *>^L>. (1)1 <j_Jj^“l lP 3 -? 
c^JLaJLo e oJla Oj 15 JLdi Jt-I (J 

t-jjlJi* ciili (J Lgli* —^UixJlj iilb^ 

.f-Li(_5*J ojill 0*>L<ajJl 
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0 ( jA jJ jA 

O-Ui jij\J* {jA ijwjN tjslSsjl J» JJ 


i—gLJLxSI *\*-> l 1786 «c^ oL.»wol (_j 

4 d j^aJI ^Ul ^JLllI jL*n 40£>j ^A jZS\j 

j^ai oli^Jb-1 Jl L$^o» (Luigi Galvani) <jUJU- jJ 

4-jOjco 43LD ^loU- LJ jJ 4JLj i^J yAl ^ 

-“(jL>-^l ^jA j^S j (J^JL \^ — 5JlA>3 
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^Ip jts- J^-t 

^5jJLlI J*lP SJ j»/3Aa cJlS* <^-j>- cK<oU*il i5jjJaJL»M 

,*uSjj}\ l pNI 

<P^1 SULo <Cllp jlilL>- ^ C— 

(J^3 oJUa ji O^S" J iljLi? jJ-P ^J>»ljJt 

Lo^j ^Jb>-^Jl 4 jJ-Pj 4jLs^Lp jia^l j*-J ^yL^A 

. JbJail Js *jJl ^y> boLS* \^ Ql./btf»*7 


TABLE 11 



jjlilL?- <j»-j jJsl Sj_/Jl 4^*UI oL^LiiNl 

A A. 1 «,<a * 11 4 %^ j -i® 

iaJI«jcs iiiLf IjUl I jA -Ai Li31^»- 

Ojjjls jl jJ j* AJl *liJ ^jA j .,a Ii i_jLyapl Jji^ (jlS^ i«L»~>- 

oi (,J j (3 oLJl aJ «aS1 jJ j ,<jj_J 
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> 

^jJl ^^j3j wM-dJl ^J»*jjJ| ((1)) f-lj^^.^Jl 

4jL Jh. j 0*!> 1 W2jJ| iS j£- C-JlS" W4_njJa-^alI)) 


J-is .Iaj^— oiJ (J kt (_^LilL?- Ji>-j 4j yf- iJllA o«jIS^ ( j 

^m^zp ^ i /z*iv i ^jfcipLwfci k^"l ^ O' OS'! toOp >■ —' 1 ^ 

l(l)Lj JLC-I <ui olJwb»-l (^JJI Ao-oij 03jJl (j l_3jJL5Ca £-J \jup 

bJclc iSlo#> ^ *i^ ®jt4 “^)o Lj^S 

u6u hya-lll (jl yX -1 y-JJ <jlJ-i-l (J>! iJNl y> 

aJuk y^j>j (_^Li!bj- iwd$lp JOsj t^o>to 1 L> Lil i/t» jJ 

.(jJ-l oiUi Jo ejJfcUaJl 


TABLE I 



4lS"L«Jl p- Laj^SsJl 
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07 1«*«a I ^ '_ Ai-alj t - *—* I 4jl^A>wif^lt 0I l - - * 1 tAjlA*Jl i $ 

jjp \jn .,^> t J»*J»Jl ( *^p Al ^il (_aS JJ JL^Ij (jl A*J . ^.pAl 

jiilj>- *>\j oJilj O^LawJl C.lias tiJAjta AjA«j ‘ ■■,/•»«'! 

. j^sL jjVI Iaa < 1 )T jj aJ Ijls cIaIjI aA*?- 
L^aail M iAjAjA^-I ijljja-a'ill jl (_$^>-1 »_j ijUi Cj 
(J t Ja^j Ai^j . jl.^ a**.* (jvJb^ jJl Jj ejl yiJl la all 7 t ( _ y >-b»-jJl 
(jlp^»aj .Ajl?&Aal t\£j N Lsitil (_jA*il ^ji<a.U 01 toL^-Vl 
etaS/l l£L-*j La alp iA»A£ (AjULaA^II oAa jl (JUJU- il 7 .il La 
j>*j . AjwLil j\ ^LijJl j^aLuO jji ^yJiaJl 1^ .,<a.5<w 

4«UvS>jill oAa . Jjulll Uj?- A*~aJ (_->J>*ll |A> tLa 

ti.«>“ aJ jUaJl ^Jp Ia.1 jAa .j A^Jbdl AjI jjxwuSfl 

.ill^?- Jl?-^ 11 C-llaa tAl 7 II jlil j»j a....(axil iAJL£ 

(_wi*JI J-v?jl lils .tAiljo«lll (jLill?- Aa-l-al tojja?*j 0 jla>- 
OjltiijA?- jlS" ta^fwaS illjla.al ^y» VAi Jj^Is (_jAjta 
jlS' ta^iJl J.^«< ^-Ao t_A3 7 J.II Jj .(jl.,(ja~lT (_jju>-jJl J?^ tJUu 
Ia^uIJ o-l) t 4 ^JI AjA^- <jl ^j^«i,l ol J-s <j jij*i s-jJ-xJl 
LoAlp >>_. ./ar._i oL^jVI a-sj jJp c-jbJl jaJLII <jl5 lA—?- t a*j j^p 
A^?- j»^I 7 J o—J jj jll JJ (jls'j . Ala 4 j jia ^Jp ijj' t a >/l S^i 

./jA' (AiL-aLa - •■^-0 td^jjlj J^£}\ ^JL-|)) La tf-l 7 AI (J 

A...oi (jp| 7 -^? AjtijjJ A—il) La ^j| jA Ajlioj A««tA.i W-v-T-ilj 
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^jA 

jpl *^1 Lo ijj £j d)l (jliJL>- <JL> jkz>- 
4 J jj£j> A*'.\a.s3a f\j ^ (— ..—>«i J Jl olS' IS| .kiUS 
,ij\j^S\ Jp ^iU: J^/l sJLi L-ASyj (jl k*l^Al (j 

C- * * P 

J-stfjlj i,ja 1 jJLJl £U*JL bjJjco lilla>- 

cAJjLai* oliL-a <L>^>*lJl j^Sj (ill—Jl (jA 4j«Jai i_iUaii-lj 

ij jlS . L«.aS 150 (_^l jJ^ilj p^) a./-»" jju ijL—11 cJL^ j 
( Jj*-I^ ,jJb>-jJl Ujiip ( _ J )k?- tjs»T C-J j Ijji ( Jj«ji)I 

tOl_/kJcJl «JlA (jl I Jj . ^jjJj a^>t>- (_j jl AjjjJU<23 iil^Ja— i| 
jAj ka jj^aJlj eJL4I*j jL/» Ia juj kj I JUj I.Aa-Ij 

L®J ((—J^il (J ^ W *I I yll k « ■ « — ll k 1 I m >*■ I -JVI t yJl ^L^^^SkJl 

l5 j~^J ( _5*~l g Jjwj 0 «iJl*L»<*iJ 4_1» *yi ^yA 

• k—>L<apj|l J 

U k_>^»*ll ol (J j*~ll (jA j*S |*JI*j tjLilW - OlS" 

^JJaA (Jj .j.t>*j AjJj^Is Jk-Sjlaj jb^l (jAj k^£jj jl Jbjj 
Jb“l kj^OI eJbu (jyA\j j (J LaIj>-I (_jJl ■Jaj j 

«LjJl»A CjliUaiu l^jilpj ejjiJ.1 <LPiliO ( jA JUJbJl (jliJbj- 

(3^; a^11 aJ a iillja (j^j .AI9yJt> (j (_£Ju jjjjlji (j-* 

.dJUi (jA ^jJl (Jp C. Q fl ^i l J^»-jSll (jSJ klj(jliaj oljJ ja 

jJLsA« OjZsj (jl 
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J-*J“ jl ij^H ^ (jjJjljjJlj L_jUai-|) |jj>-|j *)Lo ?yt 0*il 
k_~j>-^il ^jp ^JLJl .slxjl >_. liao ^jSuj^S JL$jj- f-Liulj lOui 

*- ■ « . /»_ ! jlS (_giJl Lai .jwlJ *jjjli (j Ly0y*lJ 

l)I^*^"I i^ll i M **. 1...il)) aj^JL-I l ^jx. O^^j ol Jlc^l ^^3 aJLapI 
(-jliai-l LaJLp 4>-jl>- ^JLo Ifilj l La «C*aSI jjj 

iljl JUJU- ^SJ jJl dJJi «LsUp Cols' .Oj_)aljjJl 

.(J| £ i>-'yi IJla jL x-toiI 

( j^j^ ill k-iUaii-l y» AaLpj IpJuL^ AjJu laj.ll 

CLo>lJ c ^a3 JjjJlLo? ^rja-oi Jj>- Jl ColS C-~>- t*ui 

1 4 ■..flj £«^Ul ^Ja...ll lj- jS»-Sl1 eJb (J O-i-x-o 4jJaA» 

LaJCP 4—Sj p^iJl CjJl?-j .f-JjioaJl lojj ejljJl cJLcSli 

tjUaiM JS jlS iO*a»- 4pJj>- ^JbioaJLi OJLwal 
* <*■ 

L^l .1 4ia>JL!l (J)) .LiLsj lCa ^Ja—Jkl J-/>J^l y^-i /*" ^^aji 
C-»iJ Jj»-Jl CJ^Kjas- il |»wLa 1I 1^-3 C-.~l 

C. .,^.tfil t^JxwJl JJ liJjt J^-jJl cJjj L«JUPj .«LJIp Jjj- jJl 

CjJjL *_-QJ Jo jlS tJjJl>- (jAJ ...Jb»bj- 

?4ol*-L>^$S Ij-A 01 a-^i (_£li .4Iilia 

4>-jjJal J Lg-Jj J-.P^ ^oL~ll 1791 4C* J (jliilsj- _Jo 

De Viribus) ((4.1 .a»H US yi-\ (Jp a-l^SOl ^IxJ Ol jju 

^y> Ji I c(Electricitatis in Motu Musculari Commentarius 
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* f. 

Ip ja Oy&- *■ *• tij-LJ ejjjlii 4 ^JLi ^.1tf.yI 4jL>aP ol 

^jbJl JJb»-j 4jjly ji A*jj U 

yJi (j sjjij *L (i) i ^yyiU 1 ^^ .><1 liSy 

£ I* 

(j — 2ijlailI k_asl^il (JL>" (_j — jl JJ U ^I (_3 W - ’ ^J 

tjiy ybu 4jL&y p .4^p^ r - /31 ' d^ij^ji 

iijJLi«<l j*j tJj'yjJlj ( 3 j^ uii bo <_y jH\i 

J^oL oLS" jLi) .k! ob^oj-cill oJLA Ijl>- ^ 4 ; lypj !^bl$ 
^1 y I (J i*JL^ *1>^£II cJl5 <jl Lo ^jj cjli ^ c / 3tf "j <1)1 (J 
ji yjj ^jJi oijjjj yLcj y $8 ijyL ijla i^ajityi 

^>-1 c yb (_j ^yLoj bo ^^<uL b&f-U—n'i/l a.tg♦ 

.8^1 yjl j y« Ju>yi b) ^bj bo*up 
Jb-I c(Alessandro Volta) bJy jjwULJl <_-i*pl tiljJl j 

p + j f, # * 

aJjfc j! oLilSL tLjJjjl (J j*Japl 

^pi Li^~l iwJI 

* »* 

.1 j-a'-c- Iy^Jl ^yil iwuL^j 

JajyLj ajj-A Jjl>-j ^bolS^ IpJ ajs bJy Jlstl 

Jjlpl p j\ <LjJl>co aJLoju aJL>-j ( j-Jkj <l)Jl*il ^j^o 

oi.y a:ii j oLs^Lij'bii® cjiio t(jwA 11 y 

^i ibJLlj ,y^ ‘(jbill>- Lyp djJ^- yJl ai (JIjLIp yij 
• OibJJ ^a (yib^ (]_t%Pjj ta| *^1 bjJj- 
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(j*jS)) (Jljjc^il oLi LaIjp-I 4jj^ <i .sis! -la jliJU- ulS^ 

aJ l* jUpI A1$vJ tjJLj CjLs^Li'yi ^•**- ®OJL*il , jjLj 
(_£jJ ijlS^ <h\jJ\ J .j*JM jJk aLliNl (_9 j~^3JJ AjjjIj iajJlwil 
Jp oi^l (juJbJ.1 4 xJjj O' j ^ tA.w.a.1 JJ.I LJji 

c^5ljJl J^l>- ^wUJ u&j c^i j-^ll f-LioLj~“ L« j >%j 

.Li j 5 ^l5l ojJki Jij JCP 1 4J^J 

^jvSv-.-t.a 4j ^jP LJ^S t*Jl*L£ ijl Jbu 

t4.|^li}ll ^ jt>~ % )l\j jjJUoaJI ^a La*>Jb~! 4-Jal ^jiJLsi 


ajjljJl 4 S^Lp| aJsuL- ^..i e^JtsP a^>*3 ISjLi 

fc^S^Jsi ^jii?tf■ il ■ •* 4 *^Lu o^L. 4 «Xa ^1 .»«. I I ^ua^L 

. * * t * 

jjJLmtfLaJl ^IJL»x1»*iL) tAJLf Ijjl £^Jul j*J .(1)1 
jl SJLals*- <lL^5j a j-^! L)l JiSinj li! ji JL>-I 

LaJLpj .JjajlJl SSUall jJLsoa jJk ^Jj l<Ljlj-^-l *L><_5~*" 


4 __uL»J-I JljJLi iljp ^Ju^a 4 jIJL«-i O j£*> ‘ a ./all 


. ioLj f-LLoJl^- 4A *IxfCa a^ aUs ^P (Jjb 

.. (jliJU- 4jjikj)) :^jIS Aj^Laj wb*-l LJ jS lw"5~ jJJ 


. djLji'ifL sJlg>a aJLi^L ^tJl>-I OJLai 

jlS" t^aks a-UaP ^P (_}lijli»- £-JuL^ i_ uj LaJlP 

Ljlg^a bJji ^l:;:.«i| olS".iJL oLajL^aU Jj^a jj a^ 

^Lsj l^lpj (.aL^iVl iLLfc jlS' lilj® iLwilS jlS' La jJlL 
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(jLULfr 

4 jj \ j £ jJfcUaJl ^ l^-pt.) 1 ;j J l]' C-L>^Jl 

«?AiJlJl SJb-Li 

oliUa>- All . (_£JL>slJl J £"jL* 

d)j^jl_p jj- 4 ^oIasaJI 

A_LjLsT ^P ilil >^. ■•>- u1)Jl*J.I ^jlb (1 )_^j wT^ 

^A i.“--.l J ^1 ^LLJb- .ilp .Aj-lj J»?“ >JJ*P 

>_■ ./gpj aL/jp o-L oUxLliIl ti->lJ ls»-| jJp ajjjLx^oj 

J^JLi (jOLillaTa (jJuca -b>-lj <1> 1 (_j 

I g'-*v 1 tiiilla^o jjj jJ (JJLxl! 4*iaA9 .4 jL>-L IjaL>- IIIji jlS" 

e- e 9- * 

jl IfiLi ^jA a 1?_y>dl4 _/lP dj\iyCs>-\ jl L_ol^Jp (_5j^- 

,e-L)jJjfj 

<cJLl£ aJup- cjIJI—j l_jijli ^J.»j« 1.I o^jLdJli-l jLp 
t^yaJU- Jyjj pjij ^yr^rj <y> o»j* Uc* 

^S*j.tll L^pUo ^Ap-aLpip J-jjJl I*Ia la«* ^|p ^ j ?* ‘ ^ 33 

\L. .,ra«ll JajM IjJjjlj Ja^ ^ <Jjio 

.ol>*i aJUajJI 1 ~■ ./^aT.U tJJjJl 

(.iLpuJl o5^ lils ,^~JI ^ iwj! j-iJl jl (Jp liJji J^l 

Aj>*^- j jlS - IjL^Aj .(jJbill J illlA (jlS^ AjI Jb 

. La*A w . a > a « aj jj|p 

jlS" tL^JL?-'^ a—JL i . d'kr 'jJl Jl2J 
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ri 

.(jJLxil ji}\ (J^>- *l>y50l aOA <_£*AJy £-U*aJI 

frLiy^Jl ejlft <£j~~JJ *ljj4^ jJjj yyJI (1)1^ ty-*iU 4 . >«. ' .. ! Lj 

.vJli^aJl (J^>- 

toyljJl ^y> 0-i-*il jL«.ji>xI ^L«l »L>-jJl iMIl (1)15" 

yJI iS^J^ Oy^^fl (jx <*]ai O' *A>-I O-jI 

jf IjijT 5iJb>J t | oljUJl ay Jl t_~oJ jil li^D .Lie 

y?l K?AjjLiJI AjcJaJl y o-^i (_£lj UJL ^.... 7 * 'if LgjJl£ 

AjlgjJl (j Oy_^Jl (1)1 l t -«x C~Jj *if Ajy^Jl aJ la ol Uy 

i f 

.a1-a» y ejla Jju 

.5y<g ijLiiLi-l i»l>«I»x'ill t£j|jj>-j <LjL£l«j y-T t— Q . ' l 
(J j) - a 11 01 yo^l LylPj AjOj ^ -Aj>“ Lj ^O i^i l aJLsALP ^j-*A 

c!yill ^Jj tjxfljj JaO t^Ja.^ll jj—II .(_$y>-*illj 

c...-.. I oI^JUJId ol y&j a^wsIj 4>*oiJI oJLi . o —I aj 4J| 

al.JtAc. aj yx 0y tliiic *if . ...P'liy^JLS aS^ y*il <_£yJl 

Jl*-i»xI t 4 jti-l tiUi yp- l-c , l^*l. yS^ill Ijil IJj ( _yJl Ajy»»iJl <j j 
y JLl I ^JuL^aJl aJ^L*-»j LaiSCo tLaLc A-a^-jliM iOj^s^^II JUJU- 
Jail JjjS\ (ju ylf Oj-U>- yi>- <3^^ eJLj 

._^yiJl 4-***3 j I g* ^ ..*3$ t ^>-3 4-^^>»lil a I • I 3 

?A^aj oly^-l y» *i/| a-ljy^Jl Ofrls^- yl y*j 
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til ( j r a Ifljlj jUJU- oL Ji j 111) 

t Jli-I cJla oJtS^ 1* li| i^jLJ ^p Ofl> ^yJl aJ\ c JlS' 

C.Jj IgJUSL d)l <Wab»- <ULj 4^-I (J e-Li^^SvJl 0 J 1 A vJLJlS^ Ijjj 

JLwmJI (1)^^—l^j^d 4-^» y&S* 

U^5 IJLi d-*3^Jl dU.i (J'.JLfTlj ^Jjxj O^U<J (1)1 (_(1)IS' 
t<U»dj ^-JbL^Jl Jl Jj ti^»^^Jt! t_.../a«llj aJUajJI (_JI jiij 

Jjl^al *\*J . KiJlill AJj-jjJlD lZjV_s^j^s IajLipIj 

toJL>-lj <L>wlili jJU^I ^1 A.,hai a! 41 ./ini i . ./»«ll 

. 4.....a*5tlJ| c-L djIJbl 4^4 ^_j jlS’la oLli.1 jil (1)1 





^LdJL>- 

t ^fl./?l ^il^u oliUas*-j t<LjJbca ^j*o) (_ijVl i>-jjJI 
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^Jgj a Lggc^ ( A^Js3 4*JapI^ 

\^ — j\ aJJl^4 l\jJLa iijj U<2 jI o ) I J-Aj 4-jWl 

JJjLJ l 3 <~Jz£ 4_L<kP <Oiia3 ■ L> Ljl« w 1 1 ■.. • 1 bJ^s I j 

(_Jjl>«lJl lol ,f-\j Jl (JjSzj <1)1 bJLSUjj i.4Z£ A^*»«L>«j AjJaij 
<L-n J >- ‘I g ■ ■■ e ■ aJ g ■ ■■ H 1 <1j y~& -bl3 Jj>-I j (jjbc« ^Jc- aJl-jJLJLII 
A>-jjJI y» l--'y£ (3,?*^! A>-J*Xjl (J* J^ffjA 

^*. .,<g* (1) i l_^>-l (^Ju5lo-jj .aJLa»JIj v_«.,<a « 11 b £j iobJl 
^3 .^Ac.S> J lb ikjllJl A>-jjJl yA jju Jff yA ^jA 

.cJ^b^l bJbjb U iA t j./ic. yS’ ^1 Aj yJffS' <ZJ^Kj^ff ^il CUjIS"] 

L^bdSj ;a.... a» Oul S (j\Jj>- J\ blS^ 1)1 k-i y*-> /p^** K)*yi b>l 

.A*jlj Ajy»cl> dUj CaZoI 

^i'iM yA ol j~*& > Jb»-1 JLas .U Js blS ajIjJI j 

oJb-lj 1g-*Sjj ublj_pl {jA y>-Ml lfrft *ai j ^UbJl Jao Lg- d . ^ai 
oI^pLoj lg.X.,1 llj (juJbtll d^j iwJjUl (_$^>-Vl (3 

aJI Jj t^y**!* f-U (j lg~~*p J--X ^1 <_5jiil <3 jjJI {j* *byb 
AaJUa’ A^dij ^AaAIj 1)1 cAUr.^Nf A>-jJb Dip ^\SJ\ 
jl Lj^.l./aeWj AaPLuJI Ja»jCLa*j (jl L^ajl Ajl^oU (jlS'j .djuilff- 
pliL 

> 

1800 4Jm^x ^JL> a1>«j jl ^ip IJl>^ c^jlkJl ^jL>-l Jil 
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On the Electricity Excited hy the) «iih£ f\^y\ ^ aI^j y> 
ji .Mere Contact of Conducting Substances of Different Kinds 
. # U j& * (J 1 _J J-sA’ ^ NI (J lil U- 







1jlp J-agJ 

Aj yf- APjj JJLoj AjjI^ ^LaJlip- ^7 ^iJl ^^rf*^ 

^ p- 

^Jp Ho^Ltxll AjL J&JIjD AP^LL*^ J■ ' y >-I Ip.Atf ./g Jp| tLJ^5 

(jLaJb>- L)l5^ .IjjL O'-W'j - ^ LJl^J ^y*** j-^ a.- */3n\\ Aj Oj£j j &*j 

. ^jjjL-Jl Al> yf- aJLsAL*J|j (_..a3«JI (ju I yJaLa L*Lc i»1jJl?-I Jli 

Lw 3P ^Xii c jj*-~£> ^jg-lg-j <■_■■■/>3 ^IJCgti^aLj u .11 oJLa Lai 

c^LaI liijJlg- AgcjlJl cJl^i tJ'fJLUalxi (^t 4^g-L 

aaLujj (_jliJI i . x».U ^iij j>*Zj L yc£\ lij djJotJ ji La yhj 

^L^JLmpp^/I ^jJI U» .(jLaJLt" l)*L*pu . U -^J 1 

iju tioL>- ^»wa^LJl < 1)1 <JD.s^ ioLjLJL'i/l oJla ju«a*J ONI aj 
* 

Aj*wJl sJL a C-jJb«- U* 'AjSja A- j j jJp Sjj K^L^Jtg-j ^-^.xJl 
.djljj^-l j AjjJaa AjjL jqS o j5lj jJjutj 
(1)1 j*-PjJl ^Jp — (_£jg-*)/l L^ljg-J L)ljj>*)Jl C-jl^ 

P ^ P 

AjLig- J^g- jLaLliLS" — LaUJ IJlA (jwi ji (jjg-jJt (j^a LjI 

A ■ * la . /3> ^ ^1 Aj.ia.jJg CJlS’l pI j~a cpIj^£JI pLj^SJI . aJg-lj 

AjL^jjS'* (Jdj^ 9 (j^ ®^jd <1)1^ La L)l III jj iijJb ^1 .aJI j-jg- ^1 

aJjjUaj (jl AjI ^iljjl) ^^jSLo S JpUj jJ* l^il K A.-.«..a > )LJl 

.5 y’rj 6_^aj Jlii (jLtJlg- Lai i(aj-JLoa $y>- j.) ./ta 

. A_g -ji j~Jl pL j^S\ (j AlujJaj 4_alx^ 

La ^Jj./gLL (l)^j>-jJ^.j>«dl)l ^ji*i_ (1)1 (^I 

(1)1 (._a5~ eiLiaj ill!ji l j£Liji>Cj AP^Lwg (J (jLUlg- AgJk 
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jUJLyr^jjJ 

<1^?- ijLkjS’ {j>\S <j\ <j “Sr^ 

iljljjjVt i—•«11J i$jA it (3j_pl OjI>ApL«4 jjJu 4^JLp^I ^jjL 
*wJL«Jl »_-ol^ j g* t^xx» L* Lot . ( j«<l>*Jlj kiLjJl ( j^>ljit jji 

laJUJC .A.laU Jl «LjL 4jolaJl Sjijl jA Sl<> jit j 

J^L>- jLj cjj^jL jl 41./jp ii 

tiijul ((4jjj>- 0 ji)) La ijllA . ( _y~,^*-!l jl^A-l 

• 4-jLj^S” a-La-5^ Vj eLi-t \^3 
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cSbtjls JJoU 

^QOll i£L9 jC^UJJ 



^WjU j&u 


(3 4>%^-JIj oj^*-Jt» d)i Oj^ ./>*j (31 1 -AjI jisui 

wLaLJLj ^IpLJL o AiU I ^*Lal icuu jlS" .ajclC ajl^p Ip c—*LjI 

aIap (jl <ua pJL*j L5 (_^wij! c^3jJl <3 UjBI 

jl^jl^iJl y&j wUL*>-I 1 jI^jL d)^>wJi>3 

•lS,_/» jS/l j*£>«J IfP^L L? ii 
fjbljliJ&L c-*-1ijl (Margaret Reid) -bj ^L* - 
AjjUaj ^jjAj JjJ till dUi !5jlj-LJl 

<l)Lw^\J * J-*° i*-9jt^Loliali 

.iULL 

tif’bjf&f4+gjj£ fj^hfjli ( J^jLd — 
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Lj if- jlP 

ol t(Ada Lovelace) tal jl Oj^JUj dlls’ 


i If-j ojJj t^Uj[ jJua« i(Byron) j j^jL ^pLlJl 

1 ^ 1 5p I !Ja wLq^- d)l l^»«l ^jA 

jl y^)\ cJ_jl>- si—p- stale 1*^>-U |I .oL^LjJl) 

C—>-jjj C-., 0 JJJ tlj- liJL—al j ■ --» : Ll l^.U a Jb»-T £a 


^Jjlii il d)LS"j .a-\ c JL*Jl 4~»w> * * • 1 - A* l$-^J s^l—j *^>-j 

oI aI<—< Jij cLj=y>j IJl?-1 j (Charles Babbage) ^Jul 

i~*j 1^1 ojIS . 1 g --*' c. ..<>«»* ^^a L»1. ((^lij'i/l 

Jo LjJ. 1 ^^-lajJl iiU j*J-*S tS.UJlA-1 jl£s^l 

(j tl844 ai—< (Jj .jl^A-l t— 

£-a 4l—>1jit sJjP AJ^lp si,,aliI sIa_^P ^T 0 Jjd4lalill 

o-JLia t(Michael Faraday) <_sta1jls JStla I_/JL>» j\ ^yz j*JipI 
. K^JLas^-l 4 jJL— a"^ ^1 n d) J^ 3 dll *C_Lp 


^ P P 

L^-XlP A^-L*^3^ ^Ij^* ^jl*j t— A <JaJ1 JjS'L* 

Ibcpj 1 jjUs di'ill o jS\~* -(j y>\3 

.iljLpLalj j*JL*j 1 s_LS (3*^j slipjl j sILjIjxj 

l j » «,^l l JjJ*/) -Jl ■i 'OP Sj^x—J l ^ l., a P 

• ^Lmj 1 ^a ■ 1 ^....i i, 1 ». 11 ^ j\_) 

.(»jryil jSLij^ iiiJl alyj,;^il <^i tphrenology (1) 
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cfbljliJ&L* 



l _ r _LiJ bl t_g Jk.JLi< 


(J illlS" La CojJli-l l jA »_3 yu ijl >-■»*«,all ^y> 

^JLj 0IS" If* d->j\& <Li}jdl La jf-LL» (JL>- aJLj 

tlXdJ ll>r....»a tUyjJla jlS'J tAJLa Lj^Aj liljjl j^jJI {jA 

<J|^p| j>J aj*j) Lai \“.../tc, IjLjil 0*)l\ 4.-o.-~j IjT JUcJl j 
cjUwJjLJlIIj a-U^f^Jl (jy k—>jl>dl ( _ # ^l cA^Jadl 

jl (J,J «btSi (_$JlJl jA Ijl *1 Jl*Jj - 0fr ljJ C-Jl£j 
Ljlli A-.. .,U Lj»-a j^^JI dt AajIj 4jjAO Cduj dUi Jlxjl 0 j^a£- 
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.(■ j^aJLj LLjj IWLJjI <tiaJ y> 


3 ( 0 ?- ^jI (_^l^ljU (j^lp qL.o7‘.j d)Lj*bll LIS' 

^L^-531 ^xsl Ji o \Sj t (_ :S jUlj£ jlp o^.~.^ Cs^° J 

oiliiLj (Humphry Davy) <J j*JaxJl 

*o *> 

4jloJl (_J 4 j1—j*-1^ l “. 1 ^7.* \ . I_\_£-l^u 

JLlol ^yixJlj Ljjjl 31 4 jcs ^jL~4 t^yLjJ j•'»■*- ^3l>t5 
jl -L*jj .(Andre-Marie Ampere) yw>l ^jU AjjJuIj blji 
J (Royal Institution) 5-5(111 5—*>j>ll <j IJlpL~« ^bljli 
(Jl.,<jl..(gll JJLsi ol5(s c<uoJL i Jl oLtj 5^IL^o 3 Iju cojcJ 

■ijjLJlj t ( _ 5 x r vollj o^iU 5 pLso 1 Wedgwood Jjyr*J ^ 
OJjL— a (_j 4. ol*.. /all C-’LJLo-xJl J t4-3^JLlI ■1-5.1 55 

C.-.U 9 t5jLlJl axL-I ja ytS’ (_j <1)15 L »jcs-j .jLj 3 031*11 
(O-jj JUx-il 4—JliLs 3 Ijlp| d/L«lxll o!5 aXa 

J-sAsI J j?- \jjjZ5 ax* 5-jUaj^Jl 5jj^«Jl ojljj cJb» j (O j^-1 
4.1820 <U—i j>-ljl (J (_$l idjJl bJUS (Jj .j*j*JJ1 (_jLa>«x! (J 


J3 ; 


.(Hans Christian Oersted) 


*1Pj ^^JLp e-JXj 5-jllaU 5jjUaj Ji OX-ujjl (1)15 
uilijJlj (j-UoJl jjja ^ k2. i 31 j^l JPJ *— 

(jji (Jijb till— j jlfr4"l *5^-1 
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(jb tjUj^uL, 

( ^>■'511 dJUUl O^laj jJ-i jl 3 .e^>Nl (_£jljJL 

li|j t(—J^iJl ol£l aL/b jJl a^>1 OjLil oLill Aj jllaJl 

.(3^iJl ®l^l <J ®OjLil ia^J l C«^- j.U...ll 



4j 


1(J>-|J. /3~l l ^»A*J ^Jp <wJt«J (jl Jl*J 

(3 jlS' t_/i~»l c--jI Cj^~ tj 4 Aj'_ yj«iJl jl j£j (3J IpjP 

al^Vl <3 jb> Ic^t® (jyjlj^JbJl jl 

jlj t ( ^ ) jjLiJl -1>-I ,j—b[j 4 jwJalii^S’ jlbbc; A»aj 


■ Lll^dLo iwll 

ju ^ji\ oJUJLi AJ^LJl oJL& O-il^ JmJ 

^ . IaT .>... ~ S jd ij^-j jA Jjfciil .Lli aJLaJU bL> j^Olj 

^ w * 

*b»l e^ L jAj) 4, o ,.i )l .~.a J?jla>- ^ Njj ^IjJ (3 j»*Jl 
LL15J.I aj Ljj jl jJJjj .(((ajjIjjUI *-l> b| £ JLJI 
^yl *b A*o«j J jl ojj (^bljls . AjljJjill 
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( Js- i_jjL4 jLe- 

<JJJ-Aj \jj$£j» l^Loi Jjiii jl (jJbJl {j* AjJaij (J«jjJl 
£^>-1 JLdJ .l_JlijJLu J^>- JJ-b L,-JgLju. jl t^JsbJco 
Aj j Ik. aJu^Jjj Afl.L>- A!Lo 4> ^Jp l£L, ^ls 4^$lj _^£JI j jl ^il 

«• O' 

oobj^/ 4l>« ft ^Jp «-H ^jfl) cla«* «,<a L ~Jgl ' - ^ jUaJ 

.L_a. H l Ji>-b OjS^tA. ; ...kllJ»ll e^iJl 

^ AojjjSlI fjJUJl ajl.l./? <J^L>-I AP jb ^.sx 4 Z^j> 

tjJLJl JJbJl Lai .OijJl f-UjiVl oJlft iijJ lAJb-^11 tiJJj JLPj 

* 

jj j^jJI L^-^^JLw» aJlp I^xap oLS o 

k—i-xl Jij .^ypl. ^l l J-l <3 » I I if- ^^ylP (_S*^ jj^Vl 
ULioU ^jill o_/i^Jl 4^1^ tjw>l aJL-jI »—iliasi- j t(_gbljli 
Aj^iL LiJ JL»-jj •LfjO-r ^ N-b #AjjU- aoJoj (J 

®ol>- ^alJl# jl A>- j)4t*U Jaljj'ill ( j^ijji $A>p|jb^M 4 la .t > VI (J 
^Jp (_J^>t-> —ll _jl jJl {jA 4jL3j 4jLl? loJCP j g L. ^1 

L* b| obb .ol^ jJL LguL>- jf;j ZJJmA or^jn^p ^L.«i 

(jj# Lfr«.o C-JlS^ t(J y*^-* I^JLpj (Jj'ill Lj y aJU Aar..ay? 

tjjl(Jp ^ol^ (_£^i^"l -AultaX^*^Jl aS’jLIII a^ Lj 


Jlji ~jj.l< /aal l <>*yup jJp (_J«jjJl ijlS^ iLiJi ^P 

jJ-o k->jJL.1 jAj 4®aJL^ ^^iil^njl jIjI ^ laatj —«..<fc...L 11 e-j-^ (_j 

(J jlj-f; f-lllj j^-l l^->® .(]yi_ <*>Lb A^Jil 

* 

AjLiLa (J| cJllail AjL(A (J (^bljli JL*j |Ij (J AjIp ^^a-iJl 
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ijbijlijCU 


. 1831 Ami Ajbjllaj_j 




(^IjljU oUjj ^j>») (*-.J y~ jjJu kiJli—' 


0^^*1 t Lj j ^ *^3 1 0^5 t 9i (3^_L^cj 

M t* * + 

(j JuJ l>- <*_Jui Jbjlp 153— v_aJ JlS (William Sturgeon) 

** < <* 

1 L— ^AJ t < yii5o Ij^p L«jij^^5 L*»m. 3^ 

t_ijj_^»- iJ jJjco lUUL*> .Ajjj ^ ^Jiiil 

^ » <* « 

^ ^iS"! Jj?> jJp Ijili bills' L-JsbJui (Joseph Henry) <_$jja 

\LjJo*mi l» AjJj ^bljU J^S KwiwaJl ^ obj .jjJ# 

AjJ.1 A_JojjJl ^jA i_. llat i^ujLaI^ bj 

jias j a^jj (1>\ c jT A jtMi J^iL>- ^Ju-b>- jUp| J..<.JL; Aj^lil 

Ailli-l ^yjL>- Ju>-| (J IwjjJ tOLtfjJ l-l >« 

tj^Jl^Jl JjJjt <JjJjd.l vilLJl LtJki 
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J !>tJ 


IiU -1 


Js- ^j\Jr J-Jrl 

J y> ^►•'i/l twJlaM i^Jtij tA i—dill 

.B twill 1 4jjJ I dJUUI ^jA LojiS 



4jiLA“ ^l^ljli ^ g n ,,f>j 


^j*! LoJCP tjJJi £-«J 4j£""lj k—IL« (ju^pilw« (jLtfJl illlfc ^ 

./i~.lI j ~ a ^jldli-l t_iJbJlj cAjjlla.ll ^.lat (JjSlI t_dill ^$llwj 

Jwtai l*-UP j tjJ-^'ill *U«-jS>j jJ,| IOjLp jllwj jl J-i (jllll twillI j 

jlS' l^jj aJLij — ^liljli .JbJbj- ^jj» ^Ijil ilcljjUaJl 


^ * 

^lul —AwtJ.itall 4jjl£ (_j Ulj ^j^ll tJljld*-_ ^ t > -> l l 

to IdjjJaj UjU AlH-l UUijI j <Jj*ill twill I (j Kf-ljj^S 

^gwJabJca j^^ll dJ-l (^liljli twII>wTI JJL) i(_jlill twill I (j IjlJ 

^11p oliU 


Jj>-Ij twill-1 ^Lo'ifl (J,^ ^wlalllo t_...,<a^ lLLj^- olS” 

p J J p p 

JJLw> j j I Aid cdllwJl IjU Lajl JcSjj twi j>-S t 11 j 
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(_^l A^>wJgllitiI (J(_£bljli ^A Iaj t<U>~JgbJca j_^l frit 
^yX_^*ll jAj 4 ^yljj ^yli J^S ^abji (Jjl tiUJ j i*bj4^ 

'■—'(J^T® 4 ^1^*11 
* 5 J^~\ ISj£-\ f-Lij^^Jl ^|jjxl*<i| ^Vy^kll 

1^) ^SljJl £r\a.M CU^- (J^-xJ *—■iiLl* O^S - ~liJ . *L 

s-^ljl UlA ^1 j>-\ jibJl 4n^ OjISj tCLa^^/ (J jiwi 

. Ajiis^ilj 

Ja^-'y d-a- tAS’ljilj 4^48 jbjl jiaJl (_$blj li 1^ 

C. 'Jr la I - ? 4 -jUaLtll 0 Lj *)b>- j 4^*b>tjJl iw'Uai'yi ( 1)1 (08 ^Jl j_j 

.^UcJIj <u^jjJl t_jllasNl 0~»iSl tvilijJl .Uw5L \l£jJa 

Oj^j O' ijjUaJl ^«la8 JjiJlj L)b j*j J 

> » . * 

^jA 0 ^aUa!! cLLLj l j$^j jlj .oIjJUJ 4 -l>-l,i J >*.J L)^>r «^a<0 

4«■■sfcSo ^a) aJLpI^ 4^pl*../? 4^JL^P <lJLp ^ j^C^t ^^xJl 

(_^l OjLil Jj c<_..»>ii (4./ja 1L LaJ*AJs jl o^L*ll 

^jA f'ji 4jjj jj 4j l* .g i 4jjllaJl . 4j2^4_£- ^^>-1 41 

.4-jLj 4^J| iSUaJl jAj ij ?-1 ^jj (J,| i4-jL..i> j£Jl iSUaJl 4 aJL laJI 
^^ 5 oJL 4.Jl».iJl Oob 

L5 >Jl® JjJL^ (J — »_JL*i j^'i/lj U^Jj*-I — 

L^.b>-I jjf- jj t4^>-jJll ^a.A>- 

aJ U^ Oj^pLjJ JlIO*- *L^4^Jl oJlSj . y *~'^I 
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L js- l_J jL4 


.f-L) jq£ otApLiJlj 

Jjo IjUjSfl aJL* 0j4>-\jj LijjjI a-L»*jl (J 

tjjlLl ^Kp ^jisl (^S" jl ? jr^-S'Vlj a-lll jj^Ij 

£« aiL^-l {y> j j&i j£>*~~S^I jl L 5--*-*^ ^iSj‘S*‘« e ' Jjfc 

?aJL»* a-Li ^ oil^-l ^ja o j&j jpj*-jjJLilj *'■>«*■ y* *L> 


j>*a ^|p t(_gliijli oLS"_j . c_jja^UI XjJ iaj (Jjl^- Aj| Jj 

C - ;l l y >~ t^nLil'bll |Aa j((P (V® _jA Colji^l 


C_fl<^ £~»LJl <1) jJ^I C^jLjwojLj (Jl (_£ j£“l jJLl ^-) j£~ (_j 

• U<3JU l ^ ■/?« ■ i 0 1 ./?To LgJLS - e-L-o-^Ulj <U>«.JgbJlllj f-L j j^SvJl (1)1 
ojii (_| (_£l3ljli J*>o <>l£jiL>-^L« ^-JUJ lit I.LJ 1)1 ^J-4 j ijjJuuj 

.ijSj}\ {jA 


LtSol LaiJ juj tojSlJUl (w»pL la l jA aJL^L* 0 JiH jSwJ Jjsa 

d->L>jj AjllTj — ^S^jtJl j_|p jili _/tP ~A»llall AjlSjl aJI>- (_j 

I jlS" jl t_...»11 ^joJlII (jLajNI jlS' Ifjjj .jlji 

Jb4 .ojLL>- c— ^dl XjL^S\ iljil JS - jp ^Ul ^1 ijdl 
jjJlAtlU CjI jPi aJI A>-jj L« tt-«.«lall j^ljl jJp *Lj tjj^aijj 
^Jp jL^Vl |*Jsa>» (j I j^cjla t*uplw» <jjU«jl *1 oLU>j 

AT. '.^ (juj Alo t_«~.> All^P C~oiLaJJ . J^oLJlj AjLSvJI 

A«JLp I ^j ^a II fljJl U ^A^aJb- ^P a-b - 

jA~ i #1 _^PI _J>tj (Jp (^JLill {jA * I^®^l Jjlj 


120 



i^bljUJSiLs 

cLLi|® :lA-LiUj c4»laa^i jl *i/l 4*»L«I N oL> 

cjl ^ cjL->! Jp 'y .dL*UI>L ^tJI Jb- J! 

. oT j ^I5\j 

(_r“J_/*o ^UJl ef-lil <j| (J<jl ^y> JjJ 

ccJI^S ^Jl tiUi t_J j3 ^-JLaU CjJL>-I ^ ^J«JI ccJ^^ A la d» oLS" 
Jlj-u ( jp itU-^l j^p k_a^*J <dL*jt4 (Jl (_sta!jli jI*3 

f-U^5\Jl ijl ij|JL)l Uw>lj oLS” .olji«~J (jj* a i jJJs 

j J>a iLa Jlj^Jl clioj UsLojI oWla."4-—JsLiilj 

?L*aj| *j.,^11J *liijy a1v» illl* 0ijl 
Ajjiil AjijJI JLib»-jl (j(^P J^P (^liljli 0l5 

CAJjJL^JIj .iljJLal ^P djIjUJll (3 

iTrinity House ^jIa <L—»ji lljLp IjLii—» aiLa> 

^..k::l» 1514 1 $jLUIj Henry VIII ^liJl «JJJ* 

11845 ^..la.-.pl (_j_? .®4jJlil dllll (_J iLijJ 

0li JjjjJaJi JLj^j aJL^jco j ^t-jL^ail eJLft ^y> IJL>-lj JjcJil 

£JJ^ -'■*■! Irt* 

f |p f p i S1 cl ■ i^^P L tf .O I ^Lul E-j) */311 

jl la...‘.< ^la.« jJp ( j-»^'P' L» til o-j*aJl IJL* l j^S .aS ji-\ aLstl 

j~A?tCJj l-laal —j ^cj./3>_ Ai*jw o1j_j1j <J^>- jy> 

■ ^jT.■ <a 4 j1jJLO 
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SjjJb {y> AoojlA l cli Cli| 

jfjC“.~A <.4 j>-j3 360 AjjI^j ojjJLJI oJlfc Sjbl ioL* A-la.d ,~,.-j 

(_5jl£4 j»jLaJl ^^4 "JJ ■ /J ^ 

.aJLp lftJLol*J jl A*J>~I ol^l jil 

^jjLi^^S jLj f «la«—o Jjo liJlJul A^- (_jJJl Jlj_II 

(_£taljli .jjJj LfoJib (_$ jJjcjcjS 4j>y>- oi 

(j^JaS JJ fL>^g^JL! la-4jl4 JjJUmj ^jjJa U> Jp- 

^p <LwmkL?* Ajjlla .i ^g 1 «i &jj cs^S ^Jp ( ^- a 

s-^Uai jl Ajjlidl All) j£j> fill JJbd A—il j^x.i 

£-ji ^Jp Of' yj> 1 J—^Pj Jub>-jl ^-LoJ.4 jSjl t^ladlj AX*JLo 

(_^JLJl JjJl>*il ^U-SJI j“y> |t-J il ; lai5*«».a aL*>*J 

JLpJl>- i_Jll^ad~■ I ^a^cSj tA.w.i.'i fL^SUl A*i <_£j—J Cols' 

. J^SL. J jCl4 jl^>U 
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(ShljUJSiL 




4 .la5T... a ojjJj ^ 


oJLa .iiJbJUl el^l _^jCj j*JL# ji 

jJj^Sjj An\ae'.a oIjLJj aC jIjLj 

(^1 ol 0^2 <J*s>y£*& JJUi (J^>- 

(_$jl^iJb 4-5ia^aM la^L." . 4Slji| j jjl 

Jxj ^ cLLJS iaJLp LftJubJ *y.Jj JjiJb 

^ Aj_ji C~~J ^jLjllaj (1)1 (_$l.5ljU .<—iiUai^rf'i/1 j 
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( y>i*Ls (,<c£\m) *bjJ ja (_£ j >-1 c yi 

ji dJUi ^»j tal^l ^ja Li^>- t-y +ill £-l*d *>~jj 4~*-U»-J 

• p i^‘ l 5^ L —’“'- s r 



(^1^-lJl) ^j^l./alil (jv.Iafll' ^liu y* (.k—'UaJil-^NI Aj^^- 

■J^.j^ 

^jjfl .^-JpLiw»jJl>Jil ( J-* ui J JJ-^ Jt>^' ojb A^iiid.** A-j^mS> *j*y>- 

.^bljli oL^jj jis 


djLjaJ 4jda3 4 jj^ 5^ ^^>-li t4^*J?Liil 0I jj£ JjUIP 

3 I ^l>~j 

j%J ‘L$ji L#^ 1 * *■■ 4yfl’ > 

c-j•/»'! O y> d~s»- ti_.la57..Al ^rla...llj ^L.,^U i Jj 

<Jjjd'-a jiJu jbMJ t4j>-l>-jJl 4*ladll J> J^>- 

flL>ii OjfllaS tjLl!l Jj-* (*4 tiaji-l d■■■■>- ^jl?- aJ^ 5»- jJdj jAj 
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jj-JsLiil Lilal .(_£ y>-\ a y> ^Iwail e_>j-p 
^y> aJ> ys .ill 2j»^£-\ JUJ.I jl aJ juJ -Xil 

■ jl jjjJl 

jJLi y f-\j 4«*~J?hjiil ^jp iiLJl 4 jjI^ oJl5 

^Jp J-sl i^Ul (31 jj*I~u'i/l y> <UuUl ajJL'JLj .LfSjji jl 
c-j jJl (j jJlli*l ilSl '.aj^Kaj j(w*^ 
jl Jli! .^J^xJl _/P f-^i eJb>-lj ^1 jS <Uii- (JlA-l 

>lj &31 juj c-j^aJlj 4...„..jgLjJ.I ju o j£\*j» ii^Ap C.-a.JLlS’l 

t|jL>- £~k<Ij IJla oOb (_5 JJ1 JUJJ j tUajI »■ j.,<allj 

eljl jl (_j*^l jl ^a^.lall j>*j (J>W“" k -- ^y^^J 

j*) l ‘p.^Jl Ijp ^Jl) (,^.9j *5/ 4jlJL ^ -l (^5 

J^JI NjLi J*i! Lb-1 jSlI (jJ V 

jl .iyP}l\ iiJlj ^^-Jfbill JL>JJ eliUt jl (_$bljli j*Jp 

f. y # * P 

Jl>-I Lias £n^ 2 j l)15 L*~Up t^\ 

i j^i ^ 1^5 •j>- % yi ^^p Uaij ^lb>-jJl A^Jai ^£-jI>- 

^1 A^-l>-^Ji L>- ^5 iS^ 

m £ 

, <L*-w_dj ^U-l ^jlP 1 L. A*^3j L^w^aP J)\ Lmm4 

CU^- Ua>- <_£taljU ^j] Jtiz <j ^taljli v-jtf 

t>5 wLip o(3^° j* o*Xa 

iibjb ol5 t4.>_aj __,yL| ^p jvjillP- j\.^.laljJca juJai C..»..pj 
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Jajiibjk <1)1 cJI La t 1 .U5r...l) ^-Lx-iJt j^Up jjl 

.Kp. J . ^'1 J ^....laLjtll 0ji!l 

<blj tL^ajI «. *~.\I jjJJ Ajjill <U»j|jJl JajLiil ijl (_£bljli JlS'I 

<l)l£ {jA Njb iiLLi (_£^>-| il y> !j£*J 

(J <■)!^ J-^9l JiLjb (_]“*■*; bljll 

A..la9 liU c^g—JgLJtll JUJlI ejS JLoJLuJ OjLS" i!b»- 

(_^bljls -li! .j^-'VI oLs^Nl j *• j-si!l iaja- Ojb tJL»*il 

<daJ jj« pUj^^JU tA«>»^-Sfl ^ cii 

,»j./jlL <d aJ j^> j 

(James Clerk Maxwell) ii jdS y)l\ i\ j 

f-yoi\ <1)1 ^_pl ij* jjjJlSjU kilb Jju SAj'i/.ibcoj C~.SJ 

p, *< 

d)l cLjjJSj (wdijj 5 Li t(_^liljli Jjb- .4,>.~.JglJu»*)M jA La 

ijiUM ndLb Jbu! Ulf- ^Jb 

jllp ( JSj tlf.X.lblj jA APjlj (^dJl (-.Halt jAj t<UwJahJtll j 

IJla Jiii j <J^Sj <_»iS" .(jvjLl tilJi Jc^« *b- 

»* * 

— J t4«^.]g]| jjul jS ^a la..».T.a ^b La a^gi V t^_L>- 

|dd i y*\*JlA ~ 0*)A (3 

L$Jl l- 5 Jii t4^Jt (^p|jj Jljj M litcblS - (.‘dS’ 1 jiA Jl jb 
t*up -b o J d)l Ul>j d)l ^y ^jA cbl y*» c*-*» Jlkj (_$! 11851 <c^> j 
u_biSl (jvJ^ii •<_5 Jta U^b C-b>5’ (dULS^j (jJL*j>J b -3j^i 
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(JhljljJSZU 

J-stsN jaII ^ Uj 5jwLi!l iiLLi*l ddS' jJ 

^Jl d-uLo 4Jd*Jl (_Jj) . L® 

^l^ljLi LaJju ^ilp^ d* >*» iSlJijI ' ir* 
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£jLJt 


rOJLoJI Jpg) t n;^s 



jf&- jlS’ k_JL*J\ fj \jJl <jl oiL> lil IJJ 

kiUj (Jp 0 j JuL JjjL IjjJ- O-S J 

L«JllO IJ^Aj .f-Lij ^ ^^v«J ® J^~\ ®jill 

AjjS (jl L aj^e- J^jill (Jfr JJlJ la2 . ^ 

JJL <jl (_$j-ll ^J.j».«i 11 (jl_j cl»li (_y^sj a^-1 

jjj ALkS'L iJLJ ai o« ^aJl <_£joJ.1 (Jl a»3j 

(l847 )^««..*■ /La Sidjz?!_)•<+>*• ~ 
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J^l i-j' jl4 

William) 0 yio |*_Jj jjJo <1)15^ la N llll 

^..la-.c-l j$J> ja ^jJJli Jdll ^jJl liJUi J (Thomson 

^Jp I t)L**> (_■> y*-P ^aLi ^y» (jiiaj! IoJLp 1847 4l»a 

tO^JcJCa ^IaIs jlS .aljJ-A)l> 43^lp IS llLjl <1)IS <u£J 

t- > 

■ P f *^a 0j -w p 4«^jLwJl i 1 4J i ^ 4>Lp 1 -*"* 1 Jjl _}'*' 1 L ~"~^~ 
(j\P to jaP jjA j- t - O . l Ij LJliJl (_j jAj £^S ±jya\S 4^-jjC- jjij 
t j^l jA Uoj t 4 jcaL>*j a . . . .Ull 4 aJuJ| ^SU ISll»al 

* p. 

.(1)^J jjA IjLplS 4-..«.j jaJI t_JVl (JL>- jl..Jo l^lp jj jA JL*j 

(1)jSIj (jl Jb V L^JS 4«.-lall ^3 (1)1 >)LaX.»J TjL. JL9 (1) y~jAyla (Ills' 
„ > 
tiUi (_Jaj olS \fjjj t(®(_jl^ljls 4 *aL?* i_>^ il# jj (jlS) 4lajl^-a 

jaJ .1 4jJj) 1I 4»~»li-l yjj\ai\ ^jA uaJ\Aj yt*J 4«aIj J jJs>liM 
lijJU l$>-j oiLsaJ Jj^ (_|p »-j^iil ^aj ^11 

J y? jAj ^IjS'yi (Jp j*~Jl iSjiz _/*•' 

. (James Prescott Joule) 

Jlo^j t(i)jp 4I>-J j 4*-~j) <cL«p (J (Jjpf jl5" 

P- * * 

(JjAt*a 1»X!XA Jl Ojl4^j^ ^jaLaJ I y\AyAji 

(J 1.■./?o (Jjpj- <1)IS 1S| . J-*J \j-fi k_ A3 jil i^JJS Ij4>- j~~A 0j+~AJ^0 
^ULs Uil Oj^j (jl J*>LiJl jXi (_J ijp^jJtl P-lil jl* P4jlj 

tojlSJI jLJI tla>- L« ta^lpl ijil pill 

. 4. » * .. Ij j l (£y& yA Uol^^a Lf "0^ (1)j| ««> LftJl>“j ^1 e jaJ| 
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15-^15® -JLp ^L1 Ant/ili Jj»j <J y*-> e-LdlJNl ^P Qj m + a 
Uai 1199 ApLjjjl ^Uj (_£JlSl jllujl (J^->i aJIwJj C®^jioVL»»i (_£i 

^Jlj 5jl j^~\ 4>-j3 (_J li^w>-l jg \a> d)l (J yr oLiLw^- Jjij t_$ ' "- 7 ~L 3 
,}Ljjl jL (1)ilsl .OjI^, j^3 4j>-jw0l ‘ a./t\A>-ji ^>u 

jjp (J|1 lij . 4JLs.5 oe-1 y Jl>-I (jji (JL?-J 1^^£5 i)l5 

.<ti^lp j J5 d)^L»-jJl twJki tollLo (_^l 
(1)1 ^ j*-PjJI j£5i 4 jL»JU j J-J A^g .ail JjJ 

(Lord Kelvin ( j_ r iJL5' ijjillj JL*j ^ i_» y^y JJO j y~j >jls 

4-jI (_J1 (_.r^ L«Jj>p y^y* ^5JL> 4j(s 4 j^il ^Jp Jj(® 
lah.’tf' olijS'JLJli .jLjj d)L* d)l y>- <£& ^y ^Ll jdJbu 

{j* A>-lj iilJbT jAj 4 ( jil5 jl ^t>-j'yI ^Jp jXjj tl*a*j 

JL*j LfrAyoj LoJLp tiLlail cLUj (ju JaL>- Ji tl-jjjjl *yp ^>-1 
.jA- (£»>Jl>- (jyj tC»»l y~~J dUS 
^^JLp ci j4 ~*i LiJl Ji U15* 

4+*J£j >*JbP *Aji$ . 5 I ^ 

' <* 

IJJ iejl^il d)j y~^l 1 d)l 1 a ^°l*■ • '»" JUL» OJL* 

(_^JLilj A*ys 4jL^> (_j (1)1 (—»LlJl IJlA (_A3j l«»Up 
AJai^j iSLUl (J^>- jLalsl (1)15 .iJiliJl olla>-^(il l yi »> 

^ / * * f, 

^P ItaX^ - !^ 1 cIiAa^- I o£i 01 d)j^ 

jj ^JJs 4j1 ^Jp Li?-^! Oy~*jb • yi d)l5 JiVl 
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AXPJL>- J j>- eJ*Jj .dUi -L*j VI AlilLxl ^Jaj_ ^ij oJbtiLa 

oS ^Ji j ^O' ^*^1jJl c ®jil ojjfc 

j* #» 

.|JL>- IpLJajl 

( J| AX^J t JLiM uJjA^\Jl AX«—A i-a«../>I ji A-jjljiV (1)1^ 
p—<Nl jJXjj t(caloric) j^Jj^~\ JlLJl t y >-1 £l <o y> JJ 

Ljil JLi — ((t a.\*\ l»» Ji — Sjjiala j*S- oil* Jp aJLUsI (_$JL1I 

jA to J^S Apj-jJj aJ jjLn.4 0 _^a!I OJj .SjIaJLsIj 

(_^jlJL~Jl ij'i/j t(_jjlJl~Jl> lflats’ Oj^j jj^-Lwn 

■ 0i5j^*j ^tAP ijl^4 j i, 1 j£ ■ « 11 c ^ * ll { ^ 1 , i**.^ i 

* 3 

(J JL~JI *— iJ~*J J^l (J li«A*4 jf? iil 

JLp L«l .^/J.all J ojljJ-L jX>L (_s~*" •; , a3aII 

*X*P I»_^i|jIa]!j . ( ^ j-k-A.k kkkJ l_^— ^ ^ - -*^* - -• 1 

■j- i ja*- jll <_£jI^A-l JLkJl j*y l jlai.,<o 

. J.n.Cj_ (_Jjliji-1 (JLumJI 0 'S/ ^Lgislswajl JjSj loJUP 

frills^ l(_£jl>*Jl ii(J (JL~~Ji j&i **.J Jj 

^S^ll (_5jl__J-I JLJI (ji-Xoj .cLU.iS^ (JJU tAjj^-UaJl J 

jUtJl £» JiXJj *lil (j>«—^ JsrJI Ji JjCXlil J 

Lj*IA Aa 4^11 t0jj«xjl ( *kl l^kLpJ . ^ kk k^it ^ xll 

Nj ^jjj N oilll Jta aJju (^jl(JL~kJlj (J 

Jii -O Ojli jIJlLoj 0 J^jI JlSj t|»Jp ^ djJL>cX~-J 
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• J! <jl&» qa 

JLdi . AjUiU A^j jA (Jy^ o j^\^~ j}j * * ** y& lAA 

.(■ ^il e-Lij ApL»p SjI ji~\ ^IjIJI^wpI iJl5vo| olol iJ^aj Ajl J J3* 

lib-'i/ ^J>\ JLat.pI J-as*- (J oL JilkA j'fe *-^I (jliLi JLi j 

AiJ'i/l Liil ^jlI I ju>\£ c.a.K^lj L ^~* <j ^yJl JJUj ^ 

;<uj| Jl (jjio i^LI <*« - ^»* Jl*jj .a.>tSs./>.i j>JLll 

>_aJLlS’l AJl^J tejl^il ^ _/(i£ ti ^ <V» (jyb J ^ 1 

JjjJ» CJj {j^^l jij ■ ®Aja^S|I AjJL) JStbU j-Uj 

<LjLSLoj Ip-JJLo JbjJ-l AjLJUp? Jl («i*jjJ-l (Jy>- <ul 

(J ^>- ojljJ-l jJ jj oLjV Ju>- JUy «Jij jJij J-?- 

.JaSLJl pill JaAj 

^jL« ojl^i-l (jl iblajl o^aJl J jljjj jilp Jjl Jj>- jZj jl 

4ijl (_$jl* aiUjI ^y~^ Ij jl tA^i jljti^f J>-ju Iiaj tjjla«A 

(CJjJl ^yx *j C—>>-J Ji La2jI C-jtSJ .ojfl oi^JLl !**■/■* 

J^UI (Robespierre) _ / ( tr ~jjj 1>jjLp Jbo Oibc-<l l^5\J 
aJLp ii yjj ^JJL> ^.pIj UjJL^ ^yplJ4J Oj15"j *Ljjl jJ^| 
Benjamin) oj~~»jb <jlSj <j Cji j^Jill jl*£ 

LL>*i» ojcJ Jj ( _ s Ssj J p«l ^yO jj&j tl$ij-JL>-I (Thompson 

lOJjill ^jA j^pUL-I (w*jJ-I Jp A..«Ji A>-J (jl JjO A^jlj ai>-j j ( ^p 

Jjyiij CjjS (^-ii iiLfc (Ji (W 
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Mt- tl801 k~* j jl (_ 5 jU lS o^i\ jl Jl*jj (Count Rumford) 
SLJ-L ^ .U^jI ^ Ij-Ip J(Jp ^*Jl 

L^Aygj ^ ^>*j ® L^l t<uSij 

A(o^S *. s>-*~ .* II LjZj jj# j^j i<Lu»L^j 

i*~p ti__Lat.ll a>-Ij^j Ati j>**j OwJji 

""p P p * P p 

(1)1 iJj.il <dl Jb MJ t(L<aj| <LtP 5JL>jl iiLLJl A^oj^P CJlS") 

J* _ 

L$J^ .sijts tlgis- jpf' 1)1 (_£jl* (—• L« jjj^laJI 

Jij* £-1 JJ-\S tSjl^A-l» asIAp jl£ (_j^^ <u«Jl*JI »jll« 

to^ g all jlla2:.«l tAjjlj^l AJb>-|jJl ^.j^Lilj Ojjjl«j 


J tiLSJl j£j Ijj (j .1.0 <Jjl jL£ aIS ciUi {y> a-ANIj 

.^j \>1 JLJI 

ajU^pI jUI t(_5jliUl ^yLJL-l ijjjtoj J_*p (_j 

. yl^P *)l I ^4 AP j-.^l I ^^l_ljtl t-«A> » Up A^LJl Ojl ^0^1 

JL_Jl jjIiaJ t__ift.ll aJUp jl iiUuT Jbl_!l .sljftpNl jlS"j 


ttftUi (_j tilJL» jlS^ ij^AAj t(l)JL*ll ( ^».7 , >fcLl (_5jl^i-l 
O^lftLl <uJjJ Ojli^/ (jyUA>- )>i.7..olj *Utl (J LxiJlo 
apLJI 1 a./t'.j ^cpL^/ Jbtjj tlbJLs Lt..ft c-lil ojl^>- c.-o.a.'ijli 

J I f- j\ jl) jjij IjtP ^ (1 )LsA>- 0 jS JjtAj# pill JdA 

• lP^ 1 <31 

jjJtllJl t_ow3J^ IaJ^jXi A-Sllil ijjAAj 
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Ujcp aip <2jjs* 4»JLa.aJI^ SU-UIL 

p * > 51 > 

Jt£ jl.ttjlJ ^1 jj^ ^puj ^Jj t ( j>«-w«j jjLJl *lil {y* a^^S* 

pULyajLl L Oj( a-j^^J, <J Ijpi^ 
jL*Jli ,»^.j U iiUjh OIS* 1^1 cIjjxaj . 1^-j.Lo^p tjjij^-~"~‘ a 

.4Jwo v 'il £-ijil <1)1 jJ—3 jljJ-l 

Sjlj^l Ol O^Li* JjliT ^l»«."**l <J,J I^£ljl L )jj>-\ iillA jlS* 




LiaI» 


>>*• J 1 


:<So^Sd ^^a Jj LoLa U..i 


iijA Cj jijj <—-.~S "dt*- 4 ^■-.»?• *1 j>-l (J oJbl-lj oJjJl 

(J,jjj> J-;Jb tjj~jj~J\ (^Lijjl jlSj .(Robert Hooke) 
Cj(-^»>- jl*yf ojlji-l jl ^y>Ji\ Ji (Daniel Bernoulli) 
Jp jJLi^J C— .IS" AjjJaJl klll.7 tj^ .oilil (_j ojjiala _^\P a!Lo 
_/d^Jl <LjlS 45JL. Jli ijjJLaj 4j j£- ( j£-> jlj L(JljjJl 

. ^kJl ol^-j ^ 

^IjjJL. jl (_£jla ij Jjl* J ^jl OJ _jJl (j- 4 '“"’I ^1*0 ^jl >i*J 

{y> Olii .^»Jb |1 ^IjjJl ^jSLJ lIa^ 25 j Jj&lj O 

t4ljjp ^p AJo Lv«S»IjLpI O-Jl J_^S*0 (j* Lgi^IjS/l 

JLwJI. lllp) (_pu frl» Aljjj <_^P Ll J l yJ jb Ala O^kilili 

jjljlji i_i!l 400j (will 300 ju L« aJ Oj«ii ^j 

-Wi* 

£4J L jts- £~»LJl jjiJl cij^l ijA*Jl <JjL>- 
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Jp <_j j\j- 


O.Ui> c<uiil-l 4.... ; kbJ<-j^SLJl O^LsoJl (_^ljljli Jia 
OijJl <J AjUJJ (_£yJ (_£ilpj k_i jJla (_y*j) 8jl_^-l 4. » _.. lo 


4-^il^Ul iJLft ^i gall ^p 4t!«,<g p^ 4 ^ jl c. ( 4 ^ 4 ] 

j^ll ^j^~ji <L)I il j£- tLa <_|p 

llLial ij/iZC jlitJLi ejljdl oIjt .,<aUi t4.<Jl$3J (ji_S~*^ 
JlxJLj 4JL-»j«JI jv>cjlSI (jJJp i_ijJL5v 13 jjjlijl cLil 


J 4jjL>iJ| oli.(j\^-ljJaJlj £jUailJ oljiaLiJl 
.O^Nlj oIjiNl Jbjll 4la J^JLp (_£Jl!l JbjJ-1 jlSj Jj_^P 
LU tiillaJl ^|p J j r>-^ 11 J^aj jilj j-L^o ^j>-j ^j 

ilJol ^^P J f-liL £_^3*Xa jj*~P ^ypUo ^L/3-.91 ilLft 

^g^l fj,\ Ijj-'T’ j««* **i l»^j 1 

jLp J~*£ 4 I 8 I 8 O (J (J j^- jjj >« 1 .^>- ijLa (J Lai .4la.,uU 

jjJjj jU-jJl kt-AVll (jl^a J5 (_j 4 jjI>cJI 015^>iil oyilil la 

^) Lu*- La^ia oN^I aJbL ^L-Sl TjULI jl5 .0*^1 

t(4Jb>*P Sjta^f ^oJli -la^waJl Lp jUxJI |*jPj 

^1 ol5 .dJUi OyJLj ^ydl 4*.«lall (jul j3 OjJU l j £J ji ljl>-l 
UaiUj 4 j^> tlJL; tJL*j 1^ t(_$j ( JpLall — JL*j ^ —4—il 

.AjlaJ-ill jjOljiJl Oji 
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S'* jJ! 4 S* 

(James Watt) !b\j j* 

j^jJl ajl-J? 4-^jIxJ| A»w.Ja J i (ji>-ljJaJl ^ O^" L# <1)| 

a1>*p A*i (Jp ap^-j OlS - ti^s- i^yiSli ^ Uw>lj Ijb 

.Uul SoApLaJI JJP j£- |t_) JjLxI a... i $ l. J i. 1 -^. 

j^lSj 4 a 1>&*J| ejljj <_j (JJlj aA j jl ®aija«i Otf 

a jjSJI Oils' tAij-jli-l_j aI^-IjJI ^jCP j~}\ ^ju ^Si (_3jLaJl ijlS 
.^^1 e-lil lad...a ^y> QaJuj rl ., J il 
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t(Lazare Carnot) yflS flj'i yii\S <, j yji 
ol 11824 <u^j L* Li5L> oLil ^>-1 ^J-^JLli <ua->5 

iJ y*ll jl ^(^jli ^U^L^ ( _ # 5Li)Sadi Carnot ^jjt5(_£,jL- 
((Jajlil)) (_$jlJLJI t g -* 4_L>t^j <u^il 

./?jj tc-lil ( J^ (_^l ^jdl» jJL>*JU 

(J (jl<Oj (J Bj\*5 ®j-fr.t.) ii*£ ji (j O^Jil 

Reflections on the Motive Power of) «jLU 55^il ajJuJl 
|JI>- 4-*-5 j# jl j>- 5>-j,i JUp 5 !.(.Fire 

^jw^jLaJl Ijpl /jA ^i-£ (l) 
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f-j^JLi ^g‘--‘ (jjbtJl >j (.\j£S Jil ejl j>~ AlP 

^j^ao . a-bj»ji]l Aj £r a>v.~ jlAia ^£\/~i O' 

ejl^L-l ^lit*i Ja~ 3 al^li bj^aJI aAJfc J«J<ALj £■^a_U 

^yjl ejJLaJl ^*lA5tl»ab ibA^-l i?-*>liJl A.l«.tf.~ La jJ&j) 

.(jLJl JL>-le ^^a L&A-a~—7 

l<bj!15-aljAJl J-fl.15 A.a.«~.-a la AjIA^j jjjLS” JJl^- Oil 
((_5 jI y~l JlLJl ola ajljJ-l jl a j£i Jl jl A^SU 

Jt>l>- jlil a-lll jAa idlli <j LjJlia t|»Ap y> ^J ^jAtj "V 

J-*J OJUS J5 j»JL*J lj_^ O' •*—4 jA>cJI aJL>*P 

jl5L- Jb-I t(John Dalton) oji)b j y ya£~\ AoJbu» y 

«■ « ^ f 

SjjJiJJ *1^^531 ajjU£ c..j (_$aJI tUtfijI ijla 

i Jj As jj a^ru jPj aJIj ol5 .a£jAoL| AjjAJI 

l)IpIaa Aj ^Jp Is^b*- 1 ^-J-^j <u>-lj ^2 l :J 

(_j aSLsj C(jljjlJl ^ywail jILuJl (JLa 

^^pl L)L/9 j- jjp *bj^5Jb tOAlI jJjl*—jaJJl 

. If*A a>> y Lg-Pj OAis <LaA-j9 alliil C-~d-llS lA^a» ‘LoU»-j 
AlaP f-lol <L^dj ^|julo (l)b 40 J^P t j-a a ^-lp Ajs^oUI la Alp j 

Lob yS 15 j£- (jl Jial ^Jp Jajliilj obiilb e^vJl ■/*a 

.Ala *> b» . 17 (_£jl>«Jl ii^>Jkl ^ jSl 

0^5li ijUaJLs b^L>- Jja»- ^Aiwol tiiUaJb jL^i-1 jlA^a^l 
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^Lp i_j jl4 J-<^>-l 

<3 uy* j-*-*- 4 t^UoH ^>-Nlj tilljJl ,j^ l^JL?-l d^-lxs {j* 

? t 

J5U toUjlla.il eJLft JO (_jj .1—44^- (5.i.*^\5 { j r A&' 

UjU j£ IS - j£- oJLoj l.ij_j .oUjJ^WI \~Jaj li JjJlaJ dU^ll 
jljjJl j . ^ * J l J^>0 oliill JaO»j jlJ 4-i £j ~*j (julaalU 

■JJ-k 

^SLj^^ll ^j-JaUill Sji (1)1 oj^- 4 aJU»- j4 (j (J^>- 
4( juoUjUaJl jjJp 4jipl.^a JO .jL~ll jJ jlJlittj jl^jJ 
fr^iJl (3L-iajl (jl o 'b/j . (Olj4 ^jl ®^jill L aC’l. /^lti 

ijUl ^-Lojb^l 1 Ijii (Jo ^JLaJLo o>Uj Uj^ 1 ^l^>tll ^Jp a*~Jl 

3 t_>Li oi( e >«j <Jj^»- (jJ'-f’l .(ji^p^. o .1' (1)^ill oLoip (J IAaO 
*i|)) IcJlSi (_$ilil jiUJl (w»p1o (Jp yS- 0 y*£- {jA ^jjj!L *.Jl 
(J jU>t-Jl J^> AjL^Jl J Jj>o-^ 4^ mm UUJl> 9<1)1 (J dLil 3 151 
*y L» il^>*il JOJLJ 4jil5o i j < A.e^- tO-a- to'i/^/l 

44jUl« 5 alall ^j|jjJl ^j/j»i p-UioU <Ul JuOj (1)15j . 

(Jl JjJl (1)jj JU jJLj ^ tiil^i>- , bMj p-I^A l 

. ®A1jIa OjJLS j»j (j^J aJLjIa (jljji 4P j~a 
* 

<t5 j>la£ tj>*)Jl dJUi <Jp JjA- Ipjlia* ^SljJl ^jiU ji 

<LsJli£ oLj y t—.jl^JL 4.....A) jjO (1)15 (JjSll (_j5U 
(J ^>- IpI jjl (_a!j tobjUaJlj oLaJuJJ 

1J5 .4jcJaJl ailjL |».)Ja ,/ii_ JJa <Cj£! ti^Pjlill <&&£- £-1^jl 



.4jliL* ojl y>~ tiijLcJl 

lisj (_$^>-311 ,_y* ejl jX-\ jl J j^- j! ^Sl jJlj 

i ~. ac.1 .in’ jfi oLjllaJl iJs- O-i.pLyj lils .obu ^il eJLpU! 

t > «■ . 

'bl t^JLI ajil l j~u\s>- 4jI .ol^jl Sjl 

*5/ (1PJ • L£ jiSl iills ^Uaj .,<a^- jl ^W'.-.T 

. 4 JU 3 JI ^ 



«<*4klp (31 jji* j 


• laLc ^ jjJl ( JC- ^l*al Ji (J^>- <3^ <.1841 ^»U (JjJUtJ 

.i.^.-wj illjjl jibJl (J 4 jjL>cJI olS j>i it c-jIS"j 

|»*AS isLwa (Ji’j 01,5 £9^J OjS ^ JJ»j 

^Ji j jAj> 1,5 isL-a Ji^-lj ( Jisj jl {j* 

^Ji jjJL» 1,5 Ji-j JJaj ol^ 4(_$_/>-! a jLaj .^y >jVl 

J j>- C->15y£ AjjUaJlj jIJj -i5 j£- la! .JjulJl ^y> 


HI 



^ jA ^jj?J ^jA 0 ^^"1 0 i fl i3 J 1 dtX^ ( I lA^MWt 1S 

U' J> -y^‘ J. cN*~“ 0° L» j*-?xa! I 4jll^j Jb Jj Jiijj I <bdl$o Cj IS^J 

o^lli j 0 ...J iJjLSil)* (J <Jji> v——S' I«1 a (jj .5j^» 

4....JgbJcoolob>«iJl ^L>u ( j^o .ilSi >«-®JIpIj 

■ «0jjLiU (^iL^2lsl jJlsA^ 

> 

aSLjlJ! c-Li jg'V' SjIjII olSjjJ.1 ^iaJL oJL>- ^Jl 
4 jLjJ| (_j Lgislla j^J i^iUJl J^L^il 4 jjI?»JI iS->\£ 

% f. > *. 

I jliJl jl jrJ>«JjJl Jli^a- (j^* (jlj 

^ijb ii(_£-iJl pill frbj^^ll jJ _y lZj\]h£- 

.e-Lj^53l ol-U_y> 

^Lp j I jliL* oj! c-jI5 

4jiJii>- iJjUj!J j J4-Jw^rJI 
23 0 ti>lj^-j JC**J . JjLiJlj ojl^ju 4 -^jL^I <Ls^ ^J^TJ 
lLILJI 4j y>x^*> JJLJLi La jLp j^i CAjjHu ^Ja9 ^j\j ^j-w^ y-> 

jU 40jjljJl Jl j£- Ui-j£>l lil Lj£J .-JjIp Jjo jl>Q vl«.a Jj 

* * * 

jlSJ .ojl_^bl <_ 1 L-^ ^Jp <-)*!«£ jut.ll (1)1 ilbjL ^JJaj dlLJl 

frb^^Jlj till Ajjllaj ^IJl>«X~»I (_^p Jj.la~._i <u»ij fr^^ill 

.frL)^5UL 4jt*JLo frt^Htj j) 1 j (jj. 

4i^J tfrL^j^Jl AjjUaJI ^jA ij&jcj [_^jl_^-l JL-JI il)l^ 
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1 ji Sjlijl (_jp JJ.1 l>Xjfc cJj AjjUaJl ijl aJ JLj ji 

L)y>- l-Xj 1843 (_jj ■ t J>..i<.>t.~'l f-Ljl (_j OJlJ J3 Jj tjJ-i ^jA 0i^>- JA 


. A../}y]\ oJLa jLj^-I 


j <_j 1 jS\ iL> (j # j^aJI oJIS 


JgLJco iAjj^Xj jJjJu ^'IjJLj ajJlC 

OjI^s Alls' j£- ^y> (J j>- l^Jb^l tjuji ij'-jlj 

jLJl a~«S ^j^LaI jj* jjUUj ^ail .Lx )ja AgwJl 

jA IpJ^ k/3 A Ls^jld J~^ r"S> 1 • ■») 1 ^.l) 1 * *.L I 

j»3plil Ojlj^*“ i>-cJj^“ (^juJ 

^-j l 4 jLJO 0 OwXi. <—) L-wJ 



il)L»Jsll*il jJl (j Jaj N nJj^- ^ 
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J ( 1)1 aHp jlSj tlOj- AJL33 aJI^P COLS’ 

a>-jj J oljticJlj f-lj^ll jj'ill Jiu f-L*il jLipNI 

jljjJl i_iill J <L~j>*s. ...1I jldl ol u^^jt 1) J tiijill Sjl j 

tjjw-isLill oJUi ^jA 4jl]lX^- oLjlwi i_ >y>*£ .LjbJo Jj llilj 

A—ij ^«Jjl Ji 015 ^^ L«JLpj toljjUa.ll Aall^- blJLc-lJ 
( j^o elj^lll olfrljjill AjjliaJj .^ULi lij frill Jjt>- (1)1) 

aJ^Ip (Jjj^ (J>lj 4 _/!•jj- 4 <Oj£>-lll olfrljilU _/c«_jjljili-l 
£jjl Ojl J^~\ (_dpLs<aj <juJ^a jLllI 4Apl.,(ao (1)1 ,_yAj lASjJb> 

.ol jj> 

p p •* 

^£jlji-l JL^Jl Jjlj oLS' tAjjUa^j *>L^al« Iw-aIII jl 
JJL (1)^5" S<J*\ 

LaI^>*I 4j yf~ j dj>~ 

C5*J ‘^jJ-l ^ j>-\ ^Jr> Ji Ajjjl-Ul aS'jJ-I tij£ olS' 

.Ojl J>- A)li«j UjoIoI Ig •-£■ AjLj.2 Aj jLa lObJLo 

^JL SjJaa- tiUj ^y> JLujI d)l aJIp d)l (Jj^- iJj.il 

^lljj A . 1 la~._i u. . All A>-J ^p ( J.i>.>tJl ( jj! Jlsj ^JlS .(jt^Sw'll 
loli tjJoVl ojlgj*- ^ ;■"■ ■ /, ~ (Jilpl ^OjlJ^-I {jA Oj A~*S 
i (JjOjJtl Ja-i-l ^ (^cdjjla ( 1 ^* 1 ak) (_£jJLJ| jjjjJl jj£- 

OjSo Jp JL>-lj J5 Jilj ^(joS’lAO (jykl^-l J t o ll I Jjc^j 
» jJjp 9 t_jlll jjU-^aj t^jt- l ft t i l I la j^fti J ,^li» aISIj frJajjj 
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J&-) olpliJ j 1 dr* 1 3ti~.~i Ajlll^ t_3 LSj I Aj j£- JLxj 

d)l (J^>- jt(LilS" 'ill^ Ij^JajcJ AlfljJb>- (_j j^u y&- 

^ji ^li:jL ^Uaj 838 Lfcjji a!i 5 Ojx?*il ^^jl^il 

{jA JJsJ Ojl J>- aJ 15 Sjl y>- ^jNl oJb-lj 

^ Oj^Jl S^-\jj .t-"^ j j^s sjl?-Ij a>-j^ pH! 

o'V*>Li) l»di 838 £li Sjl^>- <s^_p dlls 

jl (^LajjNI IJla ( j*» a_i^5j ULp (_j dill I 

.Ali«9 ^jA LjjjlJ od?-lj A>-JwL) Uil (1) j£j 
dj-X*J ^*ip (J A>dlo (Jj^- ( —A*/ 3 ^ A1843 ^j-la.^pl 

(Jls 1^5 «iydJ UIp U| c zaI i^Jb ^1 tijJcJ^jVl i]jj£ 

(. A.->».IjLJJ.I tf-L ^^il) AjiJbitll jfi>\j\a. ll Jj«Jj 

A.^ii (1)15 IfJJJ jj>\£- ^jA AjliJl I (i5tojl 



jJ jil £lji ^jj.AlJ jU j&J 
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^1 4^*1 >%j (Jl^j 'y jlS' . oLllJl IJLa wLpL>mj |I ^jA 

,^J>j\j ^- 1 ' 4j yf- tig ..ai yt- tii S>Cj <Lwil>- 

p.~]y 4jj (_$jJl 11874 4w» (j ^ (JjJL>«j 

ICl^S(1)IS” li_J toJb (_J 4.LJ.J <J^>" 1)15" C(j y~*Aj]o 

> 

Ji (1)15j ,<G jJ>\£- j jU»^|l 4j*a iwJJs t^»jJl tiUi ^gia Ji*j 

( j*a &j" ■*** f\s-J yA (j^^ll JjjJL-l ojLgaj- ioLa ^jA 4jKA Jj?* 

.ol^*aUxil 4pli (J 5JjUa jjp e^jp-j t^jJLsAillj j^^il ^UhtJl 
LoLc «^S” (J Lai (_$jji- tUajI jjJUoi!l ^ jAj t^UajJl oLS" 

Lijj t jA^Ni ^Uxji sjiji 4ji>cp ^-iji v_jL*-iv«'y 

4*3 £-y0yi j5»-l 

^n.L at 1 1 3 e-lllj a-lp^Jl lAa t tf 

jlJbM (J^p- C*Jl5j «dp»P juj^Jlj 

4S"4a^Lai a . / ?^ 1 ^plaxlJl yA j\y& 4j $l>g.D ^>-l*lJ! 

Oj 0j l)I Jjuj •ill^X>-'yi .AjJj ^p*j ci^ Aj^IjJI 

W ^jj c^*J^' ^(*^5,25 ^ J 29 

( j«a jllaa...^ l/Jlalll ii J>j olj^JlJl 3 t_aJ ^Lc-I .1)1 la a. >7 

^jJ .0 jA yj jJLp *l_p-Nl I.AA Ij j£a t JjJla- 

58 (l/JLii ti—.?-1 JJaj ^Ji 6090 ^pu 'yLff^l *111 

^Ls^L 5 j^ p*i)l l)_^>" (5,25 x 20) 105 ^liJjl ( _ s ^ > - 
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C—p-lii Sjl j>- ol J>tJ col jA 

. la«*<(j 0 > 668 



l) y>- 4j jf- ^ya Onjilll 


i^ jP 4j^LJ| SjUI ^j/uu O' 

eJiA jlJL&« jjJliJj .JajMj <ju_^Jl i. l».~lI j 

t_i!j OljjtJI J_^P j^* 5 j^jl—o 1®ijl j^lJ) JL>-I to jaJI 

'iS {y> <*Jl5j IJjLo to-l>-lj o jA JjJl>J.I Jaji-I 4j«Ja3 Li j>- 
t^jj*^^ 1 Oic J l J ^‘l -A^-l j *-/jl NLSjI t tf..ij «1?>-I ^ t^jtijJaJl 
7,2 t_. 1 lati <Jl?xj<J| Jjti- 0jl_jJl <wJLi 01 -X>-y 

.(<L>b«i 3150) <Lsdjj! 

tQL->-.4-l (J ^til ^Ui^Lj 0JL)3 JL>-Ijj 
OwL>-(j jIJlLoj frill Jisj . JjLJI (J^>- 

^ jJl iJlfc ^c J i. ' -.. ^ j tjisj 781,5 oj|Ji» t- ■ 1 la»j 
jl-littj t ^ CJLi ^J3 772 0 JL*j 

Oj ( Jj!j £SjJ Atol^Jl iSUaJl AjjJ ojl^i-l i>-jj jj oJl?-lj i>-ji 
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oJLa jOt*J i~.»Ur.^.1 lip f .\^il j Uji 772 iiLwo JJsj 

.iiUail 

jJLl .^L,jJl cjLjllajj c->LiLa 5^ll sJLa .lILa ^1 

i-X>-lj a^i Jj LJ JjcJLJIj ejl j^~\ ul 0^ 

iSUaJl) a jA-\ a jii I jI #i(J^>«iji ijlia.L'z.'tf- L)Loajjis> (_£l 
ajS ^>JL>r~.^~ La-Up La jA JJtJLlU .aS”( o'i/l (JjJlJ 
i4jjp (_$-L!l 0 U 2 J-I 5JL>- (J ^ t<Cln^ SiL~a La a-(_gi ciLjA*J 
^^3 ejl J ^~I Lai .l^Ua Lal-Xsxl-ul 4^a-L>r.~..,a 4o.]fl*.a iSU? eJLftj 

4X-A ^l_P v_3% CmJLjJ 4 ■> la*.a ^P 43llej C^n--.'.a ^\p ^JJcJa 

i4jjJUI 4jjliJl jjlaj jl jaI-oI £-aj .<LjIjJLp 

.OljJUl jljIAl N| BjI ji~\ \^9 c^v^jl Qj 
J(jlS’ Jlii .iaj4Aa jj5o M C4j.ilp a j£i Lji| 

lafl.-i La-Up j I jjp ^L2 j 4j«Jj -Up iiUa ^a—J La (Jjlo 

jj^a-3 c-Uj^ jj Ji-lJl I Ja ISjj .iSUaJl oA a -U*j JJiiJl -Xa 

ejlil (_j ejJLiJl aJ lA ^l-Xstl-al l j£*jj tiuL ej-Xi (_JI 4 JL j£ 

* » - 

N jJj 4la 4X^aj <jlj^»- (_^l LJlp eLil .i) j£- 

• cJ^LaP’ 4pL-a ^3jyj k—lij L^-al-X^UUal aLa 4Jl>«P Bjl.}|_j 

aj^- - (JjjJaJl I-La { j * ajia^- JUp 4j| ^*?ljJl j^a 

)ajJU .Jl 3 JaILI ^a—» I^Lj .ejl8jj*aa (J iSUaJl ^ 
( jp 4UibJl ajljA 4 JLp ^*a>£-** La OjA 



(_£jlI JL»JI oLs j*j ^j .*•!jAI iajlioj L 

.AiUaJl Jj i_..^ la ^Jk jl 

.AjUtJ ^^uCj Oj-w»J-i 01 ^ 

^ tjjS3l N 5jlyl-l <1)1 Or* (*-^1 J** 

OjIS^ jjjC SijjJl (J,| iiJ js>^J <L~^- 

^\j ^» .. ^ i D Ljil iljol 

Oli Ol^ jibtll Ol OJJi l_JjU La ijl 0J.»~a£Sj^l 

f- p p ^ 

LjaI Ju N tj 0 j jII® olj ^1^**“ ^5 j^JL 

^yn—» ^ *i ^ 4^-Lp ^\P 0^^^ O' Oj L j^ c/^ ^ 

» ® A>jl 4»Wfc»^) 0 ^ ^ y% %k *j 1 

l5 jUjoSjIj IOj cO^SsJl ^Jp ^jJa^o <A~.aj jlS* 

ijolS^ j>*1\ ^3 5-Sjl^- ( j^ dUi .(jd-l dUS Slo jlo>«j| 

. AjjL>tJl 
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jj>\ Oj^il 

.cU^loJI ^L9 jgiixLD 



j j~J£Lla . Ajj Oi^Jl 

t-j>- i ( JJU ui *y>- J£s ^UaJl j 5jj j oL«*)U llU-A c. .- : 1 
<J LJ15 j JLi-l jJlJj .^>«J ^jI j! luip j-LO Aj| ^jl>- 

tJ-a jl ^JJ jl Lj Ja*^- *L-iI Jl jJ jl ^^>j Oj*i j>*-> 

a JL jl L-»UL« dli-^-i Vj . al^l ^1 ^^^*1 Ul^^j 

UlS* j>- J-U-a jl ^Ls 

ji *j*-> ^ Lu5j ill) Sjjl>*ll 

.e-LsAdJl j jJJj i3 j>«Ij 

tttS j^~!j Sj ill') tJjj^SL* iJjJS — 

(Matter and Motion) 
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p jjLp 

^LaI jj\ CJjJlS" j^>cP jL?tJ 4^mJJL> Jay.jTLa 4 jLs^2j La jlS" 
(jl.-'.j »_jLSo ‘Labis' (Albert Abraham Michelson) jj-JlSola 


i*-?*- 1 4^>-Wc* cr^ dJ oli ^>s-Jl (_j c-^il 

4j jPx. Jl! 1.——ILa jlS - LoJClP 4jL-i j a-LjJ-jjJl 0_J-~L$L)La ,4j 

j. ....>- cJa-sxil (_jj ( j-JjjLjLi iwQjilS^ll (_j ciJJij c<u^jya'}|l 

jlj ( j > ...- j l jl Syll OLS” . i^-^LlI yi jj-aj\fJ jlS" 

BjljjJl ^ J>c3\j 13-ajJl (J jjJ.....B..aJ ojl . ya J^.lla) Jia j£j>J 
jl_J-l (J JLs-Lj jl jJLlp (jjjCj CciLil^a .tLLLJi 

^CJ jJl ip y-a >_■ .~>Q JLaj ^ j£- jl ^Jp >^lt*.^d.a ip y-a 

^»j^La (_gl ^Lva-llj 6_/ci-L ._ jL^ij jl J-aJst (^lia .L^aL^Ij 

C_J^11 <jcp LaLp jj 4 Z*ju* jl j,Jl*J j y- ..l-'XjLa jlS - Cc_jLi (_£y*«J 

(j ciLi *5fj . j^tj^tsAJl ya3y*Jlj (JjiaJl ( _ J lo>- “tip B^iXa-a ^^Aj 
IjLjco ilLjfc jl JL) ^ . j^^Jl j Ujl>«j| f-LJI jj.Ia^ 4a«aij ya jM jl 

. 4-Jl I^LjJal y-aLjlJl . La 

.ii ji 4—dj j^a -K jL a jlS" d885 ^Lp ^ ,^|aL jlS" lA^A 
(_£jljLajyj (jjLii (j Jjjj C4aaplll SJjJjdl ^jLa^l (JljJ? y>»Jl 

4jI ya 3 Jlii JL 03 .j j g •■•a jL»aa (_...lg ijLpj d- ^ jJ jy yo ilj_L»_> 
TrLa J,.-; -(Edward Morley) Jjja jjljil 4l_$Ua Jji JL?- <Jp 

jl 41>-jj cJ jU- . j_£y-l ejlj t_ jUxS^M cbjIj ejlSvsLj 

(jlju 4 jI (wiUail iaLji j jji iw^Jail ci-.aa.i j i>r .4< ap^jj 
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(j ^b&lyjf iSjjdf 

jl £L*»I Jl tj* jlS^ -I _/(!*>• \jf 
A*i J| Ajc»i jjl If- (_£9jJ ^Jl Ai>jJaJLj (jljVlj f-j-jtlU 

14aj>')1 Jj....*J^O jlSj ■ L* #Jt»>- A>*^>"l Jp Xj-lJj 

l(-i.lall ( j^ A-j y> (_9Jajj ^t-jlall Ad»-J ^Lal i_jjl*Jl 

# p. 

o'i/l^-lj o*yLi-l i-SLcu iiJL» Ijljjlj 

.®AjL**jj|| ^pLiilj a~>-IJI 

oJuJl Li-I qj> aJU- J j-fcj O^-J^jLa JlpI c 1885 jy>j J j 

C >-Aj^\j3*AS' Q*i O t d . fl ■ « |j .. 1 1 fcS" 4_l Q.^0 1 1, 1 

O ^la'd-.o 4 -j lj jl j ca!^ J^- Ji ^>-1 L^?wi jl 

aJULI aJJ JI Jiolj c JU- (^1 Jp C~Jl J| <e»-ljJ>l iU .*j>- 

«■ * f. (. 

Jp ,*Japjll 41>jS*zS (w-aIjj tAJ LjP J* (_r>J AjIj jjui jl Jl*j 

aJ 1>- frljl (_^J^I ^P•—dl—^" d-j^.jdll A*-jL 1 .a J jUa^ll 

.^j^-jliLl f-l.^adll 


jl <■ j.oJJ d_fl.fT ((jljjjj*- j(JpW AjIlS^ J l j J- jju 

t_AAj .(OjJI^ AP j~+> jl Uii- e-j■ -»H jl5 li| l» 

tJuJO Jj al^-L L*isL>i lo j*J> lal...|J cLa Jj A-aJ Jp (_jj>»il 
. (Jjjll Jp a j -/all Ja...L^Ti (w—ojLi NI AjjL>t« jia~r.j (j..„j- 
( j^j ji j| f-j,.,^a.'U jl pJ l iii> j>Jl« jSQj iibja ji lij 

.8|jld>-^y-a ^£9 L -;.d 
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liL(_$jJl (jl^Jl jdJLiL S-Loo ^Jp illiA (j—J 

JLUJl jilp i ffixi^l ^ m p ^uL—Jl |J^lII t^^>SJ 

ifljJaill j^p ^LiU (Ole Roemer) yyjj Jjl ^j^JjJl 

t G y «- A 1 > 1 ., >? jJ -Xaj ■ 4 * - * *^.*^1 1 

j Us>Ljo 4 jI jJLj 4jj! k-J <1)1 C4‘....lt ^j-a “U-*^ (_j 

I-U*J ojlfSiJ (_£jUli.l la 4 jI y»JJJ L» '■'■ -lj .ajljla 

-UpJ . UJ| J-sAJ JjA>l llSj (jjjiU-J ot-yp jl* iyPj'^l yP 
4 -.S'^SvJl oliLJ.1 ( jp iJlJLjl 43jc~>lS t*jl-U»ll j_>-l 
225,000 ^L-J 3 j«pll Sp tjl oiLpjl OjLil ijLipNI 

• *- J /f*^" 

P + * * 

*yp -31 o 1 OjlSLoj jJlS 1 jjil —bbjj^ LSuLiiwul cLUS olS" 
t a.p\ -L*j t»LUi JLS'l; j*Jo ^ij —Li ijJL?- N 4P j~*> Z^j>Cj 
James) Jjl y y*-~r JJLUJI ^IIp i-A-l^SI La-Up jy 

.^>pj-p t—il(*- — (; fj ®jPLt (Bradely 
<-i y*til <ul t_o..t:5'l j t(Gamma Draconis) ( _ r »J ^SJj-i LoU- 
^. 0 . 1 ...«i ^^a ol^-L cjLJj 15"4jts3 

^L a . t .vl Jjuj -liJb* JI^JLlI (JJ j*j y*J ijjxjla ^I 
jtPxlSl P yP J-s<aj La-Up j-l.-fl.1l (_^| J-<3t(_5jfli-'iM 

iaj aL -pSj .Lgjw*j*» oJLp Jii ,jPjNl ou— j j^LJbJl 

Ui jj .ajj^LJcj (^JUj- jl ciJULaJl jIIp (Jp j!5 ^JUj; 
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(j i*LblyjtSsyJf 


. /J—» 183,000 ip j*~j JJio *• jyjd I oLs jj oljLJ 



(DC) jj\ a(B) -5^ j£i o-lpl (jLi (1—"J 

J j>- jl-U j 4 jdcP Jslij y* 4O jla.ll -Up 

c-.'j^l oL*jl (_5 ~*j^jSIjJ— ill 4 1849 ^Ip J 

^L# aJup (Armand-Hippolyte-Louis Fizeau) jjJ 
O—i ( j-o . <upL«jJl J-UU- ^jLo< ojjla-o <Ot—O e^,-Jul—« 

si y> sl^L Lj lpl*->i 4>-j c^j-jjU i->J 
O—Jl tjuj . (_£^>-1 5 j* £U-l)l vl—~^*3 (OjI^Xj j-» JJ <03 ^P 
Lfib— jI iJp ^1-j ip j->-> jjJlJ <CO—« a!j»«P (JjjJaJl JJLioJ JjJIj 
j^L^aJl PJ »/j 11 ijl^ c jljjJljI ipja—.p Lo-Upj . lOi 720 
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4^J***Jl 41+jj^S’ ^ ^Jfl JJ 4 Jl>cJ*J| Ja^ 0^>td ^<p ijl 

j\ jf&\ ip4 -L>&aJ| ojta| 4 AJLP . 4^1aL^ 4latf >B 

* .-* .f- 

ip£l*-iJl Jbhi^lj .^UJLlI i^JSl 

+ p 

LjjZ 196,000 ^JlJ ipj-^ oi jj *5 jJi t4»l>*_*Jl 

7(^315,400) 



(M) 5l jA ^P 4Py«u jjJj a "'< J a1p*P Ol'-.^i fju y **J ej., ^ 1 1 lal .- j . jJ*i Aj^P 

■iS j >-1 ojji aJl><jJ| j\p- u-5Uja 


t±JULj (Leon Foucault) jS ji <jjJ a~JLa tUU 13 Jl*j 
.A l.ap Ajj- J <CJU ejlji ol jut. j A'.1..-.LI aJl>oJ| aJIJLI^L Aj j>dJi 
(jdajlj (J aI jib £-L*JLJI |».lla./3^ t aIp- jJl j-i <jj 

p e. * 

ap 01 Aa. jlall a^-Ij^M pbjl tAJLs 

.(^ /pf 297,000) ^ /J^ 185,000 ^JlJ p^I 
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0 ^Ubl'jjfiSsji.if 



a.j t(R) SjljjJl el^11 ^y> I»Laj (S) jJ-saII jiL^aJl e-Uj^vi .jSji 
^jSfl oljil (j j£j tfU-iJI LoJipj *(M) ^j^l °l j* ®I^Ij (L) i-^-ixJl jrJ> j+j 

.\jua\? Ulj>«Jl l^l^o ’kL*Sj£- Ji 


(J Sj^xJI -u^elsNli ciJUi ^ o ^JLuj 
Jiijl .4-pliU o^JiLil 1869 ^»1 p J-y^J <!•■«»■ 

<dilp ^^>-1^1 j^Sfl j j,-L<jU 

f . ^ 

J^-L) 4 > »4 i ^ O.Aj|^ t Ljj j d *i ) lS* 

<U^txII jjp OilgUl e j^j) aJuLxJI C.-<cJ .<_i.ft.Ul ^jP __...a.-Ul 

(3U*^U*Ai <_.Uai o jS\ tij r ud! 4_»jjil Jjuj .taLL. oU^U 

4li£ Jp(JLa^tlP^ . 4 _oj^IS^Mj 
^ ialJilj ^1 4>®lll jllaall <jl j^$Ul 4 j 

. J^jdL (Ulysses S. Grant) cJl j* ( _ r __Jjj ( _ r _j^Jl 
j>*-> ^j^- 4 4 _i^j l)Lq olS^ <1874 ^Ip 

Jj»pj t(Worcester) 4 j^>«J l t v r i* ( Jp 

^yiUl iiLftj (J j f-L^jUJ L*<jJLq <iUi jlm 
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^jJijj Jajlj) Lf >-\ ijl t(Margret Heminway) 

11877 AL-» j 1^-jJj .Ojwi Jjj ®jJsLil Jb»l AjIj dbj«jjJl ...9 
0 j^>j£- (Jj*^ iljp^ll (_j ijj—JL^ jLo £"j«i ^Uj .Xxjj 

f. * 

• Au?* {jA A>dd J*y Jj ^yjjl) U«« —* a! 


^■d 4^-l^^/l O-jlS" ^U-i AP j~* cpl ^^5 aJ^I^- (_J 

IUg—-US JjC>- 1.$“^ JLi^Aa ^jA Jil BjljjJl ol^l! 

IpLuU laU_i 01 ^lla*«-l U AjI ij j~Jl^jLo i3j^l . aLIII (_j 4 jIp 

t( 1^*® 20 ^ jp ^*** , ° OU) ^ ^p 

^U-iJl -L. jl^aj .j\z£j jS\ (lag time) jj£U~s 

<>* Ji (£*}i L® <y J “LA' cl* 

(jLoS/l JLinj oU Lo jJ*J ■ AP^pj A»Jsj tcjlJ>t)'yi 

.aJp 



SjljjJl 4jl^1 O^wASsjLa 
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O J _ K jL* ^Ubfjjf cj jj! 

ciulj ^j^-^lj Sjlj-* l^jul jA Jj (j^»«J^jL» IJb 

jUail jp-U-l J j\> jJp ^Ji 2000 AaL~« J-s^aj 

^Jjbol tisJLi 4JlvsliJl 43U.I ^LiJj ^ j£-\ ^ £-\ j^i^J 

OijUl® ^jA (_^l btO.1 Aj^jbvo OJk (_.l./jll ^jA Uaj jil 

_pU-l (J^Jp ^p J^JLi Jaj^JLil oJ (jl Jl*j j .®<u^«(Li!l 

tojli bjjJL« l)^<j ol (_|p y"~j t<w»U^j oljjlj 
(_5 Ijtvpij obobill £>*-*£> (jl Juuj .obijjjJl JjJLmJI jb>-l 

isLJkl (jl £r ,/l~\ na ./■»! a~j Jaj^Jl iJLC ^Jp fljl j^-\ JA (jl»^-l 
1986,23 ^ OyT^1 J-aapj 
ol jil <^j»j ^-ucj . JLA-I oIa ^p <j_^j ol>»— j£ 

^A>o»l tjLil (JjJp ^p ^UJLlI L^ip OJjj (__5^^ (_$l toAiJl 

o* 

j .(theodolite) s, * - I j ^ j * 1 ^^* ** .4 jL^^^j 

oL?) a*jAjIJj 4^*j-*i OjaaJi^jLo ^<X >^L u>i I vSjlj-^Jl ol^il ap 
ol jA C,^i ,(a^-*#L5 AjIoj aS*j»JLj AjjUil as jJl La^jIp Jl3 

Ojj-fc^ Vim »l MI^P WAS’^MmJI O^AA^Jl Vm »i^ «/? l I ^jA 0 

cOljjdJl AP yw*> £<« oljJuJJl jj ^jUalj LoJllPJ . jljjJl jL^jhAJ 
. (c-Jj^>»jjjjwO ^/P LfcJl^ I^IS^ ojj*^all JJL>w 
256 ap^mj oljil jjjJcJ jU*JL aJI ^IJv>c1-^Ijj 

eil^l cAa^^XaJI ^\p f" j *j a^^aJI 

^200 j>v .IJLoJia 133 oJL >-jj ^j-m^I aJl>-j ajL^ j 
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o*1jL»«1-I ^j/3 »i c...|ij,>t-Cj .((^S^^s aJ| J-p(_$jJl c_il^pxj'yi 
Jj-bl f-lfijlll <j|) .186,282,397 Ojd i*Jj P 

,( ( j*.^*Jl s-j ipliij 0^1 01 a*>.-aJ' OILt 

p^»l i^jiji 01 jJbiil ^y> jJLj® 4J^jIj 4ju>«-p oJIS 

ip^j»ljiJ 01 A*3(_j £<0>d.l Jb-b>- 

ip J-J> ^yfcLpj .5 ISO iijb» Jp-bJl (w-Jjill (3 «• j./oll 

1 Ct ^^ -1' 4P^Ot f ^1»tf <w 4. ^ ./3 t _1 J j . ^ 1 5 0 OlS |^3 


t-J . All jlS lit U iJL~a 


r*-’ 


'\u\ p 




UM 


^p ®01 (3^^ ■ b-'* ^ W —?• 0 ^^*^ 

lift ^ e -I jL-SOl ^~*y5j 01 JjU*- AjJ ®ijj ^ 

Iw—.t(_£j3H 00_jll (J J^~^J ^ip jJjlU .^jJdall 

^yil~ ^J~~‘ 0 4jlllst 0>L«Jp 4jill>H (jljJNl 0>li o^w^ll 

. Kjjla U^4*j ij ^P 

<w**-pl j-j 0»laJL?-# ^-woL lft>-'y OPjP (_jJl 0 jJfcUaJl obis’ 
J$aj 0 jJUl i^UJ oS’li oJp iJsyil ^p ojLp ^J tjt-fiJl (Jp 
(3J laMjb-l ^jA i->jt—a (_£^>-1 j OO A»la3 j»-s<aj LaJbP 

£-PJ 4 J-*' lS^ 01 Jjl^ OlS^ -iS 
0*1 JuiJ)> ^^pAJO j|^»»>- ^-l ll oljiVl 01 LfciLi* Zjjliu 

.l((Jli~>lj jj-xl^ftjl 
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O J-< L* ^U&fyji 

O-ol LaJJLP 1801 ^Ip dlij {jA Jws^I i^\ j-fiaj ^1 

( 0 j^jJl J-iJl <J t Thomas Young) £jjj> ^la y 

. Ux^j OL^t^.* l)L*jO tpi*-^ Jj>-IwUj <^JlS 

lib .C-»L>-jil (j j^JC ■' 0 JL^>-jJ \ aJL jiaJl l)i ^ jj £y^lj 

La! ll^3 ^>-lw\ju LouXlP' ^\Sl j.AjJj Oji^t 4^-Ld 

.ol>jit jjia Ojliii LoJUp JSwiis 4^JLb jiS^I 

4jli^-» 4^>-jit 4 j jlaJl C-^>t-w 2 ! j^“t 4 jJLS”jj c-Jjls£ c-\j^\ Jl*-» 

^ * 

ot^ L* iUjj^ NI j—*> Lpl JLo 

?oU-jll 



J^laiil L-oi i 


^ru*bll® '.OjjJjij jJlXo If j^-\ L j~p Oiil?-^M OjI^ 

(J cs- 3 ' J^ J^Tj *(_g* _>*J ‘• (l *'-^ > 

jj^s^Jl dll ^Liu 1)^ .cjljjJl tju AJu^liSl ol>-LJkl 

AjI (dUS ^jA . aJuLij frj;./311 AjJlo SjJjjJl 4jl.i ^»JL*Jl <Uj 
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^jip c-J jl4 

i* \ '' (j LoJ^a 3 .ft^jLsAdJl ^^U.1 ^ (jLju 

0^ f ^>tjj 1 L***.^ JjJl^ L »»^ 4J 

«»• * p 
13 L.^ 1 ^J. 5 * iLa.)' 

.j/tfl 


t ( j-J^jlj| (j ii^>«iJl {jA ^ oIp Jju (_^l d880 ^Lp jJ 

•^JJj' J >ljd-U AjjJ^Jt ^*u 0jJ. ojbd (jj-~J^jLa Jl>-I 

c-jj^j-jL« c->i>eill d.«>- tjj-jjL (_^| aiIjIp ^ jiLrf <jl J-*jj 

0Ido ^Xii‘ -ij-iJl j-i!^ jl>l:.vl cioL^jJl <c^M»ljjJl aJL>-j1L> 

j oc*w» U liU .^Nl Jjli» a 5^>- ^LiJ aJo>- 

* p 

j (J~"jd Aj^ai] £"ljcJi ^_/*** ^Jto ijt _/Ij 41I (jx* 0^9 

* t. f. 

I jjlJ cLUij J _p- (jx^jVl «us ii^>s£ A.,..a.i ol^Nl 

alj^l ^j^S> frj./all ip^*»i jj-xLi <—■ liatt dJUi C»>Lj|_$ .^u*i/l ^j jj 

^iIj jaSI\ >t jcpj~Jl uy aJjUIIj LjjkL^I (jj ^jJl 

t ( j—Jjjlll Aj^^- (_j ^ tolj-« ^^P (J^ <jl (_y*~x 

(J jLij^/l AP(J Jo*J (_$lj ■*—*1 aJ a^- s ^A ,_5^ 

J ^ jUl j-p. jU^U) -S^\ J J^l A-iL el^l 

.(«JLsP jLJl ^ ^j^Jl A>~ji 0*3(_?AJkl^l 

el^-L) LAJ^I i^jjJLaljCLa (l)lpL*-lJl jJ lil« 

t jj^lS\jL> (Jji jl>- ( Jp j^/l ? ( _^>jl-L» 
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f <Sj jjf 

^Dl ijjL &j jLJI oL^I j./j kSj>- ^Lw» JLfcL>t^> -i n 

^L»«JI j jjLui . I j ...tf i iiL^Al l*JalB ,5^Jl (_jliJl <U3 

.« ^Jl(J jLj(jl iillA j(flil Ijblj jllJl 

.4j_^ul a>-^j <1)1^ lit j.s>\\ SJL>- (_j jl 

0~S _$ J jjvJ (\,\ 4jijp JL*j ejLjp- J jj._L5^La IJU 
LjJb <Pj'..^aU 4 j oljdSlI C-Jl^ .4.wii ^L*Jl ( j^o 
(J 4 J J^aj oJpL~«jj Oj^JlSsjLo c<mi^xJl ^JapL 

Alexander) |»IaI^>- jJL»L«£)I *o*l» <Jp J-*aa- «jUL» 

. (Graham Bell 

el jA ^jp ^•l.yall jiUall *j-^Jl yS j I (J 

(jlS^axi (ju«jaLu» (J,! £UjJl el^ll ,/i. a.' .Xyjpj <■ a.^\ 

ijvplji (JjJa ^_^P jUU-iJl -^“XaljCa OjaI^I 

di lc$~* <Jjk J-^d ^jy. C- j- 

* * ~ * 
lijj . bta oIjjjuj (jul^ll ( jp IJ-ju oli^aO Ict*^* 

Jjsl jIj ^jJj tL^j^la CjjLLls oIp< jl-C'ljt«iJl d 

.isJj ^U-ja jv-oJ 

44./?j (_jjJl kill«iS^ iL^^silj 

LaJ lilj . 4jdaLdlj 4l5ljJl dtplJLft'bll® jl JajJaiM Jx«J 4 jL 

t ( _5^u'ill ^$dl _jAxj Ljpl^l Lf ia-ji 90 eliVl jjjJLJ 

ip jI.:pN 1 d 0j »i5 oU Ji^l 01 >Aju^ .^jI^XaVI d^uUJ 
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f Js- jL4 ji-& J-^r' 

jj i*j*c aU ( _ 5 >-jII JjkJlj jjjNI Jjli« (J 
<Jp jlS’ (_$jJl j*j cJiSlI <Jp yijL jJ-aj o-ljl 
toJL^S' |JL>- (J) . 4—>LS Ajj ji ( j» (j\jL 

jL«ll JljJal cJI j>x .Ji (J,| (_$l ^afl j ji 







l)^U blyjf iSJyyjf 

JSjij cJlS - eliVl jJUj® jl jj...l^jLa Ja^-'il .j*ejllJl 

jj» 100 wL*J ^Jp y^9 ^jl ^Jp ^11 jl 

.(®!La\_C ^yijt1 —iI-JlaNI ^-*0 jll y* LyS 

i«_/Lv»y tj^-ljlll ^Li* oLJ jjp Jails- 

Jl 5 ^yJl Sjlyl-1 oU»-ji (J ols^>-*yi ya JL>JllJ .(_£y>*>- 

Jjjolwaj l^lJajdi ^li (,,j\Z^ «il?rjJl (jvpIjjJl ^1(^11 jl JjJLC (JJ 

i . jl>jJJl 4l >-jA jl$J-l la..4 jl (Jjl>- Jj 

iajlsdl pLJ> oJjw>- Jl49 lajlsil ^yJl oUaL^-'b/l 

Jju i^SbSc^s Sfrlyj jl^*j 4jj».<all y« yjj 


. 1 1 1 L 

|»lsJ tljLftl frly>-l ^P li>»j ^IJU-jjj (Jl QJj&l 

j»li iAjIjJI (J .^j^LiJl ^yljjjjill JL/»jil j-i (J ejl£>- tw«^ 

* * * . ► «• 

iwJ A . t S'l j»j c^lJ^'i/l (J IL^U (jJ^J ijljsM jjjJHj 
*_JJa Ji jlSj .-U<a4 jji (jC~**l>«jJl (jvpIjJUl (1)15 4 j1 

. Sjjladll ilpl j j>S 1 4j^>«j jjJb ll.«>- t jy>*ll olpj 

ol^'yi IJLa (J J>-I«xiJI ^uLJL» *ilJuo Lo^j j«ii| JJa 
\jj — 4s>-lj^ll y« jJlS (_jJjI (_£j**> jl |*JaI*«j ^ tiilij 

• Lj^ lla>- ejUpl; aJIaI^ 4jI — i—(.L i! yo 1 /100 

ily>0 (_^JJl <U~i» el^Nl (J ^ySj^M C-54-ij t(Jjyl J^- 
.jij*ill JjILo (_j l^IP j*» Oilj 4a j ~*L ^g^wJl ^Ualil 4^1 
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ij*} j\S: jXS' 

0tw-jlS” 3jJllP .^>_Lo I U_>-j^j Aji lUo tdJlta 

<1)1 «a*JlJI 4jJjI^ il88l ii—*» J-o 4 jjL^ JjjT 

^3 t L^-l ^—<A>*-JuJl diL 

j^S" cLgJu5L oU ji A^jHii-l JaJ ^ .l^dl i]Iia ol *-b 

Jlio'yi J^S* 0dJllJd'j , dJl <J j>- aJj>-j ^ 

^J-«J Lid^^ b A^Lj •* > 15 . a/2G' % ^} I 

f. p <0 P ^ 

(_j iw —i 0.1. til (_j-->l j*-Pj t aJIjJJ ^_^^-l iLa^N 

. 8 ^>-N I ^ 

t. * t. t p 

(jlj t^A*l5 jO^I J>~ Oj£j *ifl 0-^"jJl 0 J-py bC lLa Jp«l o!5 

.. 

A-x>-jijj ^ bu <Uj| c ~Jl <U4liM ^ !_il5 jJls ^JJaj 

¥ 

l j . » * j l f ^ pplj jlLp ^J\jl tl ^ J| I J>1 .. ..*1 ^puL^ll 

OlSi ^ a jiLo oJLi (J oJla (Francos Arago) yr\J\ 

^jJa-tfj ^JUI j*j>oJI <=• j~P 4Pj-u ^LS Jjl>- Q....:>- tO 

ipJ jLS (jl (Jli-I 4«..iji ji ^»-ljl <jL5j 

jl *■ jJUap jjJu jljjJl ^_^Jl OLS" li^ Li Uij p j-^aJl 

Lp J 015 1 - - ~*~* C LpIjSi p pJ J I Lj^l? i jp IjjmmA 1 - ^ .AaP I S Lj 

ijtpi'ifl Sl>«3 p j-s*aJl 4jcJtl k_9^> 0 J ol Juiil l)Lj 

.jv-^^ il ^JOj yjcj ^1 UjjJt ol Jl>-j LowUp lyrj^j • ^j* - 

^ iaia JjJL^ t3lkJ i»»Llw»- Lupi Ol (_^| _^>-ljl ^^ai^- 
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O ‘Nj L» lZj jdf 

^ .LfS’ <Jl>- ip J~» JiVl j ^,—S/l ix-iSlI jlj colp^pjl 
J-* 2 jj (Augustin-Jean Fresnel) J^jji jL»- i yL~s?j\ <U~aj 
iJ j ^ - j ^u'bll d)i j*-P jJl ^Jj^s . c_alx^ jf^jG 

Jj>-I.i JJi la-dils Uj5^- <jls tailfl! i;JL>_yA-l <_5jjLiJl j£- 

tl)l 4 jL*£ U . 4jl^“ ^Jl ^ 4 j L>t la .,^g 1 . t i * . 4 

_/—j2j *A>- aJ!_ jlS^ 

jj. t' . l l j_|p <j^ ^La Ujup 

Jjdj jJLflj ,!».■> UaLii <IP {j^ tip^p*° 

u_jliLi Ja-xj (_$] ( Jp iJLft .^Is^jJl jL>-b 

ij» jAj —ojL~^jl jJp i_isjloj cJwJj^S (J^® A?- ci®' 

^Jp- AJatP^i dliJUj j «■ j-^aJI *Uaj| (Jp <bjji 

.fri jjti (_j tiUi jjijiiij tpiii (_j 

4jI .ii y 11882 4i*^ ^ 

^Jl OJuJalJl ^^-L*JI ^vjjJ jlII 4jU^- ^j>tdJ 1^ 

IS «l«Lp .Ijji 1 ^-I^jI JtS c-olS^ 

Ci-JcL ii Ju) ^1 jiJl (_j t■ j .st 11 ip j** 

ii*)ip ^ISI i5jLi-*jj tdlJi Jj»jj .(^/J— 4 186,320 

(_j ^ialil JLj»j ^pl 4 (JL^j^ jllaSlLi <db >-j d^>- iSl-X*tf 

.^ru'^l ijj^- 

ijwUo t(Edward Morley) J,jj^ jlS” 
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Jp L-Jj\Jr jts- 

Ji« A4 jJl JbJLi lllp tejjl>*ll OjjJjj jj 
(Jy>~\ aJjIsS- Jp ^IJlSNl ^.aladl j^P AjI Jp jlibJl Jill 
jlS'LJI SfjT U.la:..j ,1 Lo ^jbU Aillail IS >1 
j/j tc.1 ./* all J oil 4 -aJISM (jL> ■ l.-tfj J-b^j 4^ ^4 

^j| J^J • AilA»~'' ^»L«^-j|l aIs^jI^j 
j^*4 Ifcl^^l aj j£- Jl Ijup ^|j -aJLpIIjl?- 
Cfr j-aI| ^l*-i jL^4j Hw^jjU'ill ^y» AiJb- J^p frill Lfrli i J»4 
A-4 il j£- (_$JJl CJjJl J jLJl £» Ala ia-^- il j£- £-^>- 
J.W.&I i^4i 0ji A«j oI IJlS’I IcjUail Ajlji J J .jLlil JLsA> 

J J* w 

sJLa £» ^L»l»u I^U tL jLsj- Aji£jlx)l aSjIaII li|) .Lib- e-lll 

j2\+\ <jS')}\ j>- <yj>jii IjlS^Ij IfcjLipl; aykUaJl 

* p 

.(^li-l a ijjl LajLipL 
jla3 .a<4 4 Ip *•_jLwj' y O^mJl^jLo jLpI c4j dli_» *bjl 

^y* ^j£Si 4I>-jj c)l oLfllP*V C4 -oj1j 4>-(^j 0^ 

l)I i3 l)I aJjI^- I oL^bil (J 

J^jJ.1 j j^ilI Lf^-jj < jj-«j JJ!>li ; l5' <j Jill Lg-Jl JJ—J 

* p — p p 

t-jj {j* ^J^* ^=—d AjI {jA O^I*ilj .J ^-1 (jl^a (_£l jl 
dlj^j^*j Qjj... I ^jLa ^4l**» Lfr.1.1P J .4_<klp OjIhXx^o frl^JLJ cJj'll 
aJjI J Jjjo ^jj <j j**Jl^jLo (jl J diJ j j^a OjjL*i 

aJ^P 
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UiZjjdf 

dj<_)■*W Oj~A£j\j* <jl£ Jiib). JLoNIj ^Jl*j ciJLta j\£ 

ilp Jju .(L*-**^ J-<oL*J 

.i>jj>*lJl ^IJbCLutf^f I 4^1 ^Jp ^1 O j^ J ^jU 

4^wjJLo j>- jA$ 1886 ^Ip ^£9 coJ jJL>- A^Ssj AjJLp 

J,J oilojJ £UaI*»l U JJij Jj-mJLSvU j\a*/?\j i4^2«Ja«)l ^jijJl 

«"> y 

(J,liJl |»L*JI ci o^iNl o\S tl j^>-\j . 0 J^*~ij 4->col>- 

JjjHj *j-s<aJl OlS" U# JuJL>«lJ Oj^i ol 11 

ijlS'j) J^>- Jp ^cI^LfcLs^'y I L? LfrM«A> 4P^pJL 

»L^faj*x » ii^ c_U^ o I U K__y^ 

Jil JL*4>*l) CjU»Ll>-'yi {jA Jujl! jliUJl Jis^l tojil oJLa (J 

si t 

^ yA L ^fliO IA ys^ y Am*i ^,)i V> ^ ^Jl ^ iwjl^fcAjfcXJi 

Ljjjjj ^IjlSI lgi?-L-*<a ^Jl iL^L ^Jp 

a£j*£ ^P 4mJL>- 4^>li^jaj 4 [./jTa 14./J14 Lfr£o .*j^ 

<3* ^ <^yOA yy J>-b jiiaj 

p, 4* 

,i^Jj]a]} ^jA 4 .,<?’■ a (3^3 o .«! Jg.4 J^p bjLa 4 A) (jbj 

J^UaII 4 j^!| 4 jjl j J 5 " (3 ioJut 4 LI jA 4 C-X.^jj 

jiLII “^jjjLJkl (JJijjj L» LIaSj &l^>- JJLrjl ^■■. ,, a 

^llap iiLfc jlS' .LaJi 36 — Lgjta ^iplidlj 5S" 

OliLll (j^Li Jlxjj .4-1 jjkl ^y> 4j -^-ll olJjail ^■•■> 

4»JLp 4 ^-j^ (3^* 4-J-4JP ~ ^-^4^*4^ ^1 j^l c/^4 <U»liJl 
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c -I jjl yi_ l)j.^Jl$sjL a 4jjj£ 

si ^o ^ "l ^/u LljOj <CL>- Lo^jlwCjl ^J-W-flj IjJLal ^JUl 
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0\z*>jjf 

^Jl ^ (2r^ -Jvr^Uai L^l 4 ^>-juJ iijJl ^ja 

.4j \Ju 

5JL?-Ij ojjj tjJL AjOJu f'Joo Jj^lJdl ^Lio 1 Jb 

j£> Jl>- ij .jL^ji-l <woL>bj jL*» 6 

^Jp <.—>1 wLaI ^i <U31^II <>— i ^SwJj 

> * . * 

• J16 wbp 0*4 ^9 I ^Jip 

<Jj 0iaJl t jJjj ^ til ® tlr 4 ®(Jj 

cJSjJl j jlpU-JJl jIp Jiia ,ei^Ai>-l ^1 ^Jp l^iju |1 j tpL*il 

• A-.I-lA 1 

lil Llf \jlA>Cj (_5^ Ailbit a-^I^ 4 (J^b” Ol~P Aj>-I Lib 

iJLa ,2^* ^ aj^IjlII aS 1 j^-\ culls' 

■» 

5_^»S^ 4^.*tS A«j ! Wla^ jj ol J-> *^ • dib -A 

jU 111 .jJ*yi ^..sJg l* ^jS3l <b jJ»- 

^LaJjl ^P oL*»iLS *— «Uat^ Atf Hall iSj ^-1 

• t y>-jliM f-L^aiJl (J I^JJ J*Li 

A* a! ^1 J~Oj Jj^» J-a?Ij 

|»|JLi«i^lj ^jVI jf- d^>*Jl aL-j (Dayton Clarence Miller) 

All jJb 4 j*Pj (J 4 A-Jj-^3 QjIjL>..oj ^^AJtA 

^y> t<jA^^i jjj jl^»*J Aol_^AI a-llil t_a.?.T^I 

. A*ip C-JU>- ®J^As^jJ j (jl 
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JuJ-l i Jp 1*1 y>-\ J j~ Jl^jLq <-jj\j£- oJlSI 11930 ^Ip ^Jj 

. I 0^*0 ^»J| ^1 1 Ia*JI 

jJ jl5 tojliJl dJJu (J • Oil jA Jjjtu ^SLJl tilJj jlj 

. Jujj o^jL?- Jp aJjL*J LI jL^?j l(_£^>-1 ® J* 

jy\ Jj»-I tj uMl .p-PaLJ ^4»pl j - ^a ^p t * • ^ • j olS’ 4*^J 

l^*2.tf>- j^p jj jL i_s j jJaJl LjjJtJ ^jiil l^jJL^-I j»JlxJl j_j ol^a^cdl 

. ®ciU JlS^ ji jJ Lf*^~ 

JJl ^jLJLjL ajLSJ ^ jg -al jl«j 1931 Aixi (_j o_^«JLS\jLo 
4j«jJLJ| 4j j>elJL! 4 _JLjLL| 4^^'i/l 4^.. ...'.,1J 4-^ljL| O^Jii CJ 
'y 4j| 1^1*3 y y» ^ya-iJl jjp tL-jl Jlas Oj~*J lSLli 

i5 j>* 1) LaJUO .^jl) Nj tfrl.iiatfJl (J oL* 4»Alii- J j>-j 

ojL LjIpL- ii J O.lLaJj jl L-ali C-<l_jil ^j.1^1 AT* l<j^^Jl ^\p 
.^.a-ai-l JL>-^Jl jL*il ^Jp JsLa>tJU Uaj| ojLj £-^-*1 

. f-j./iil 4P ^*0 ^jipl Jj 4 __/uSM Jjjjb ^^pl N _J 


172 



Q11 

c_s>^3ii>L> cL>Ioj\ 

( 3 jjjLl 9 j lp'ii Lo jjjjLs 



oLijI 

A~ul l~.l l ^J.*/231 l)Ij ^/US-kX I jJL O' V—^ 

kwJliJl ^ — v^j^A5sJI ^ipIj — yJLJl 

^J-u>Q~ u 9 ^ ^ ^ La j jhj .»*! 4_u>- 

ol^^-l Oj5o caJ jiall p-LjI Jlju^xl 


C-j^-I Aj^kJI J^uIj ol wL*j fiOLoi.1 4Jaj>-t>L<JJ <J?j& 
j\ iljLio kwJi^Jl dJj>- jj* <1)1 (^} .aJlp 

l» g«■»«) i.L~:>- tli c^jl>tiJl IS^jULa o^$o 

.AjUoIj 4 <fc ^ ttZi L>^j ^- 5 * jO-Aj 


*—* O^ij ~ 
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olil jJA JJUu <1jJj>zSj jA j (Pavlov) ei jiiL Caw lij 

*» ^ > 
ciiJ| -c-.^il ^5li al* c...l».'>- ( _ 5 ^l vijL>»j^J oJCjjJ.1 

l^»ijjj l^~~Jj IjN OjIS Jiia .0jJLJL>- j^PjiaTa jvf-i 

^->1) (ajaA-JI) .l^ljLA jlSj .Aj^lp 

^1 ^1 ji) Ujjjj ((^jU*Oij t(j S . ^ il) JjS’j-oj 

— ^ fr p 

Uajl iiLjfc <jlSj .(k—•!jjJl) Ojjj£ j 4(J.i jj j t( 

yj( ia1..J| (_£,sLJj ( j-nILsI jl ^Sj l(jl jl-fr-'I 

iiliA oJl^ (^S .jj 

y£^-j ( ijjuwi Loj) (JI^jIj Lfroxil AP ja^- 

u_a^laL (_£Jl) ^J./3A^ aj| (Jli __IS iJliA jlS cajIjlJI (jj .ol>" 

*> + 

<*_w«lj Ljyu (_5 P J l-JlSj Oyg (wJlS (ju Ua*ujj Lot* jlSj 
•■^7* j' <jp'-! 

p *“ p 

(_5L>-jjJ—~A.ll olilJ-S»- Ui>- OjIS JLaJ 

lA-J^JLlJl twjjllsjJl aJI^ 1 Aj^-I olil*J| jJ ^ 
t—S jjdU AS jiao i ApLx AjIOj k_3 jJLsLJ A _JL tiJJS jlSj 

.n '&\| jL$JL| ^p a05l1 aJL**)I^*\j AjI»L a . LgJLfeP A A> y& 

t_«W a^w»Lm»I oj^Sj Jic voilj L» oLJtiJl ^JiJ 

f-bjl — O—>- t«JLOa-l.Iw -/3a> ojJlsl-l (jlS 

^Ss^j iobtUl ai-lP jl Ajjj^o jl AjJlxji — t_.iSGl 

(j\^-l^i-l Jl>-I Ail) O^IsL J^.~..ilj .l^JLl^j JjI£/?• 
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l— 9jJjL JUjj 

i>-bll jJJj l 'y> J-j^l ‘LaJLw cj j^s> (J jLSj 4 ^!JJJ^ ij 
jj-Aj jl JLaj 'ill I-UJ CjI-AaLLII jlj -0 J^ (j 

• OjI jl I j g -*I JCLC 0 Jr^S #^jJLai ^j^a jl^«^l 

jL^i-l (_il <-5_^ LaXp jJLaJI jjill JjIjI (J 

A-aliNl jJjlia (_j .toJLfciS^I Ju> ^yLjljcJl iJl>- ^^ 

. L<ajl Ja>JU aJIp-j CjUI«^_j*^ASCJI OjLp cAiaKJI 

• JLgjull t-llS J ^rv-JJ -L>-Jp O-i IS' tA.JL»j>ll ol_U-l jfU ^J 

Alraj jl .iljl La ISj t^►-'illj <jti-l (ju »—9 jJULi jlSj 

.-Xaj |^-9 l«Jp ^JU-i A.A-.. P Un-Li tl ^ «.m i A—>-jmmB 

0_^-P ( _|3>-ljj £-»—>1 to jv»Jjj jlj«>- ^»jil La-LpH 

*• * _ g, p 

. l-i 4_^t3 aJ I Ls kX*J I L *C *^ 1 J <> «|^ 3 I L l ~ ~ * ^1* 

, ** ^ p — p 

jj . «Aj yJL-LI AaJb>-j t AA-A.'>JL 1 Ul> ^wy.^ll tw—ill L 5 ~^ 

^L*JaU LL1? Uj a.»^.j> L jpljp*il olJIj-^-l jl-v? ibpl jilp 

* ^ 

oUl j^-\ {jA J—U ^IJli«I»a>l jl) t_9jJl9Li jJa-L“ tLfci^Jb*- (_j L*-aJ?j 

• °JJH ^ jtal A9 jjtaJJ 'il y0 J 

^ALAlla £aL~a ^Jp ^^pJLj ^Jl o^LZtaXi AjL>-^lM pLUj OjIS^ 
tLoijj Jig-ill ^y> IpJ^j- IjjIS^ (j-l* A-i-l oL)l 

j»_Aj^Ji-o ( j-p9 . I-1 a Li^aP (j jlUJl o-L>-jl (J Ij^JLlilj 

^jp j_^J La Jjajl i-j ^iiL t_JjUA OjU t^A>*jlJl 
jj^ll jlS ^y> j j^sLo *il jjj-Ul i— i^L^Jl t— jL>*-pI jl Jj . Jl^Jlj 
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t 'y> ojJLi£ oS JaLaII ol j& j\ ‘/3a j! ^pllall ^LaI? 4^jL5 ^p 
<*LUj ^y> ivaJl>0—il iijJ«il jA Ju>-jJl LjIjp jJLill <—’&.*&jJl 

i—S^lsLi ^^Jl t—Jjl>*lJl <0->sI9 Ojl3 

Jix-S' Ijuaj IJu jILp ^L»l k_»>LJl ^Jull l^ ‘" !: 3 ^ »<p'ijJl ^ g a ' a - ^ 1 

.^*JJ ^^i-ljjl f-^^l 

P P ^ P 

4... S 1 4.*~.JJk} L> 4—iIS L~. ■— 3 ^w2j (1)1 ‘—9 jiiL* oLS" 

o ji!t oLui^u^>-ljl <_j tiiJj jis - >—a.JLtS'l 4j^J .<u*ojjJl 

(Dmitry) «jshj (Evan) oLLI <1)15 j t^1 p ^Ul 

<_j .tj^JlsL <jl ^tlp oljljj <_j'>-■<ulS^ (_j <l)L»»jJb 
itjill ‘UxSsa (_^l cSjIj jJl <—•■—. > «j olijl <1)15^ t^£LJl ^•l-.iall 

On) jjNI 4JoJli-l 4—jJl 4^^Jl j^P 

jJ <_g jja £jyr J,| iiUpJ {the Origin of Species 

Physiology ) «4j.sIaJI oU-I L>-jJ j__i» (George Henry Lewes) 
tiJ^-loJl *L<ap}U Ja5l<g. ; . ; -L]l <u <.{of Common Life 
((^Ll oLiout) (Ivan Sechenov) cj jj jSL-< olaj} <—>bSj 
\Jai> J.I iolil j *_9^Jai« ^ J: jft>j c (Reflexes of the Brain ) 
. JL JLaiII oJbJLi 4 JI ^y> ^151 <j^i ^ OL) 

jlj* (Ji ^ J5 Ol i-JjjjSLwu <_£ I j 

4-JlsAP ol5^>- — oL~^a1* Oj&J tla i—ixJUaA 

ol® Ik—j_ jj< rSj .^*1_j^-l l^l>*i—J oljLil LaoJ 
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t— ^jlfb uifjl 


43 JaULiU 4*>-jlil-| oljLi^l ^aSL^*- 
^uol _yl 4(JlJjUtil _jl 4*dJs>lp J)\ 4jj*>- (^jljLil LfcjLipL) 

Si-X^ 4 Pj^>j»* 1 JSI jl ^\S1 ^jLo |_y* L« jl 

. K^jaJ-I C*?*J j^y^-jl^** jJj»4 IJaj . O^L.,«axJl 

il^li clil: e* ^ll <JL» ^P Ijial LaJllP 

* 

4«Lj CjI jtt^A JjuIj 41*9.5 (JJjSJJ ^4tJt 4>**I> 

^jxUi 4*9 C*9j !(_9JJ J^-y» ^jJlpI .4 j!*3J 

^jIjJ*a!I jiUl (JJ^ *L!j g -- 1 Jl«p 4iL^]aJ 5*?-jliM ol 

.» ) p, 

,((|^>- Up jjL» Ja9l~Jl ojjbUiJ jl >j-* jJj 55^(jNl 

() p 

yO^all C*>iI9 . ( j***Ji)l 4jt>*JLo ljl^9l <^LlU C*JlS^ 
^■p*)^^ 4 / $ j ^)^Jl ^^* **> pi^*l cf jLjl jtXuM^Jl 

j^L^aJ Jl ^jSvoJ.1 jl5 «—4 pt.. tall j (_>l5Jli .4***jjJt 

cji<J l!...>- LiLiuxI (_j oLSlI oIju ijjj/l ^SJj 4*jI 

.(j^*il.Alj |»-Aj ji-i £tl4> 01 jUa'il J ^P .5 

^-'iflj (jpJ-l Ju Jpxj JjLS" t^jljull ^Jp i_ijJbU >_Lio 

. 4 >-jpJU> oJiiLj 4 J (jl ^_Jp 4JlS\lLj J^(_L»l*Jl Jl>-I 

JU3 tLJlp \f£9 4»-£3 (jl^*^-l (jl 0 j^JSj I jj g - a j IS” 3 J 9 

^ 4*t)ljjUlj 1870 4***) t^-)^jt^\Jl 4*lS^ ji-9L J 

L»t« 4 JI ^ ■ -*■! La oLp.^ yi*«)jiaj d*)l*o 

jliijl iJUaij (jlS" <_sJUl (Mendeleyev) cJJwLXa JL> ,Jp f-L«*Sj| 
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ajLkj jJp Jp Jp jS ^j jljl 0^ • <^jjJ-II a)j.^>- 

^—« lail J aJ^lS'.Ajl ~y^ I) c-L*apVI 

jlgj-l j»^sO lJlS ^1 Ajjb**lJ IjJwLAj tjUail 4 jLjA J 

11891 p jj .iw.lsll J| ^jJl ^.,^<j ^jJI L«./? J ^..^axll 

<< „ > 

j.« j Jl>- ^yi j>tS}\ ■ la 11 *a i L>- j} Jl.... 411 ^ ■ >-fl J l. « .^.j J * . • ■ ^« 

— IwAjUsj a! _L. la.la / >»lJ <L>jI 4jl..'..aj tf-LluNl 

lj >■/? |- tt jlax^ . ,-j Lo-5 « <f3 a )) ^1 l$Jp ^U? 1 

.<W31«jj ^LxJall 

t_jL*JJl jlS’ Ct_JLSl!l jLJ Jp oJb»-lj A-ftjl] ^J>y jl J«a 

AaJaj |»l*JaJl 4Jajwi_^U j Uajlit e-U <J j>a JUj 


ojUaP* ya ixii -il-Xpl *j (j^s*- teJLxil Jl 4jL> Ja ^J ^"jJ 
4^v2P ^^-4 j ^JLp L>Nl J JllA . M«g .* II 

^>JJ yJ/jA.% 4_iAi CJjJl (J J-ojo_j ^LxJaJl JJotJj 4./j 


jl jjM iaj jUl aJlxil JjIj^o 44>J^\ll AAy?jJl jl 

.frl.txll 5-a-j J k_Ji^JI 4 J jLj If (_$l jl j«j»>JlII jl ^JJl 
Japl .LpLil jS*-I Ijji t—’L xJLJI jl j3 J jl e_jjJLsb Jia-'il 

jl i_a.>a > - ^^Aala- jl Ji^i-l Ojj£ — Jl-iil l^*i jl 


J 4 HI j_j^J 4d^J . JsJUj lij N t_jLxJUl jl J&Cmij — 

ji caIU-I eJL* Jj .SjUJI al^11 Alljlj jLJJl <u[J- JjVl (.Uil 

jl J^JL) ^l^ll Ijjfc ((L-jjp® Jjll .4jjljca oljlji| (_^l iibjfc 
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jJjL olli 


.ajjjo>«.J Ljil ^>-b 

v_jL«JL)I a. ^ ‘•C aU. ...i aJ^p JJ *_*^IS'V tjjJbL f'jP'jE' 

> ^ 

oJl?-Ij ^a ^./aa' alii A>tl3 oJjLl JjJLs^ < 1)1 j-i-l <1)15^ . AI^ 

. jjp j*j iai>-jJI jl (jiJLil «LjL*JJI iJJtil 

d)l -1 >-j .jJJb^dJ JjLJI ^7 ^bdl d)l jjij 

oL> Q.ftllal (J taJu>-lj ajJai -7 ^<H»I 

tA.*,fl) jJtfll (jja)lLj .Ala U£Jl ala J*a^Jl 

Aj^l~»a ^a jJli) <_ilJb| ^jbl ^^a a ^Jp ^_JlSUI <_jI*J (Jba 


JjcA) (j^s-^la ^^Ala JiT jlS' JliJ .j^^JlJl ^a A.^Jti Aa£ jjp 
. AIILjj <jlUi^ ^li^M Ja, ; .,«aJ jjJal!l 

e " 

<l)LSl^ “^rjd d)l t^^la ^Ua» J^® cjjlsb <wl5~ 

d)jljj dJLIi Laj A^aLfj Ai«jiL>-j aJU^-IjiJI al j£ d»al^ la 

jy>^p]\ ^^P . A-lp ^a^lir A«S»-jlsM ^iJl 

tA^jl.tt.^31 il^ll (wJLpI ^P A-^Aj jJLflJL AoUl 

iljlwSudl ...d)l^*>«Jl! A>w'JLi Ivajl Al2»i>o (j jO*J (1)1 

. ft(_£jLi^fl (jjl^Jl aJI (_j AjjJfc^i-l (»1 j(JL>-jJ| ^)h 


ijls£- jj oi^Jb IjjJJiJ ejjl>- jJjI* jl>- il9(M ^Ip (j 

jl 

i a.-'.'Tl la. )*..P Ala ^ L 9 ^JlJ 1 ‘ ^ j.u.t 

& * f. f, T0 

jJfc ^UalU ollj^a ^ja ( f ^a li^^a JjLpI Ail aJu^*! j£«ill« ^J.o. i ua 


jJLsAj ^ bjl (j^“® !A^al>- 5^1 j iwi^jJlib Jli ,olj jj» jAI 
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j J» tiUj ill jS . ejLijS^ Aj y&>- £-1 y>-\ Se-l y 

U ^c- ^ y ijlj ya ^~^yi O' | —9jJjLj 

jl^JiJ LJLxJl 
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<_ 2jlfib ObLj 


ol j-«Vl ^Slj (j iSjJ{ j* ^ ^j' i-ijlilj Jap-'if 

jj^Ja jl 4 a»0IjJI OjSu Ja 9 fai—4l*JJl jjAj (_y^ <1)1j-^-l ^l*JaJl 

( Jj»aJ| 5ij Jjlllaj oIj ^L/5 k_<Ul 41./? a « ^J~>- j\ |»l*JaJl jOi 

. K4...,ai oljl ji\^ i—9 j\i Li La\^—»T L» ^yfcj toJLft 

oJLa JjJl*j — y>\ j*Jl <_s*^ — 5 j jJajijl cjL—S oc.^>-LI li^>- 

4^- V—J5Jl J^l ‘ ((iw?yJl» jl 4—I^ll dJl—So*jJk! 

oljl ji\ ( Ja 1 xij toJiP oljA ja^I jj5 .IaJl*jI 4j»j>«JLJI 
^j>Lou ^_i . Sv. « . ‘ -o-U t d. 5)) 4 jJl! jJ ji— . i—J l$UI ^oJ i—jI*JJI 

jl) £>rj^ ol (*L- ,>* jl j^-' jl 

jj—aP jIJa (Jp jjJaJ! i— j i|5u .aJLft JaaJI eJj («iO—5 JjjJ# 

4* 

iLjJ? 40 a j aj^9 jIJa ^p 4J^i»tlJl I—A)5 \j fa4 ——i lo Ujj iLji? 

olj-l-l iOjj jJaj 0 a 9 t4i»*j 0IS^o J—s^Lii i_s i ^ 

.JbcJl ^Jp ajJlill 

„ 4 ' 

cl,. — 4. ) ojjalliJl alft AZj i— 9jl9L> ^^pl fao o 4jl >-jA ^ 
4i^- L^-jJb fa—a......^Cj 0i jl^'bll jj■ j (JjiJa !»!.■>>• 

4ji-^,-i jLgial Jbtt 1 —jL*JUI jl j3 1 jjp fa—Jl^Jl (—49jJ 0 a9 . 1 —JL^Jl 
4 -Lju ^Z9l» 015 jJ 4—uL?- 0A9 4 j*^ IjlIjljA j*A-«JJl 

i—jIaJJI a j JaII ^Aa^-I 4—1 iJO J^2S>C^ i| oil lill • ®oAJ^T 

? 1 — ..Ijxll (j^l^ JJ“^ (jl (^Ul L«j J^l ® J* 
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:UL?-*y JU-1 aii .lsJs»L>- Jlj—Jl lJt» jl5 ci_jjisL 

Laj ?(l)l y >JJ J?-ljJl jlUJl J| <_iljj ^ dUlloJ Cjljil (_£U 

# #■ 

4. * -^ (jl^s^l 4 j |^P vJUjJL prJJ I Ij^diT t '' j ‘_flj>- 

(jjali tliJ Ja^-N ^ i4~*.aj Jjlo-llj ciilj 

^ yJl j! J jLJtAJ ^JbSM j^So .^JLJI Jp 

p * 

twdJjb jl ^.Ut...^ 'y ll* f-Jl (jtJ ?L^uu ^ ^ ./3«i ^*.£9 jj-».laX...| 

,«^5U ^JUI iJU-l Jl 

. JLiJ—ill 4j j.JL i JiLxJl ,ju J-^lill Jai-l iJb JuaJ 

jl ^jj}i»C*jj ^Jlll Ia»./? L* jILp LoXjiS 

ci_i_^JLsl_j Ji>-*y U oljLojJl ji~uj *—4-^ 

J «-L s <ap'yi >_a.tUi>j jILp .\S3^ ,4i?xj aj^Lo UiLaJT ^ 4jls 
^../joll jl^J-l IH*JI pIjJS/I JJ oi.h <1)1 Lo IJLa IJjvsp 
J IJLjj ... oJ- (jvs*- Jp 4i>«j 4.n ; ...ig ( _ s ~ > - ‘•iS ^Jl 

Jl IjLu-s« 1 oUl_^>JU «lX>-IjlII ilLLl (J.,/j jAi ^J-l 
<1 )j^j 4 JU Jl oJla 4-jlJLll 4ilL>- 

( j*< l4jlS_/°*d # 1 J jNlj .i«lp 4-JlP |*^(kLia Jl>iJL^l JL9 
i4JLLmJI aJL^j Ci 4*j^p JJ J^al^llj 4«- tf ) 

^lL*Jl ^Aflj 4 jJ (J ill 4*^^V>-^ *4 -*^J ^ .^»«Jl 1 1 ^1^5^! ^Ipl^j 
. ((^UJ1 Jp ^cl- 11 jiUJl Jl ^-LiU JiUJl 
d^jIS" 11 .^.3 .i^jj^il Jp J-S'j^JU (l)l>* Jli o~s^Jl jlS - 
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jJjL oLojJ 

j \ j \ OLmJlJI iolaJJl 

^^iJl Aia-^xil 4i*Jl oljLil <u>j <.oi')I\ 

• I 6 ij ^AwmJ 


oLjI^JI 01 LajLL» S^1_II 0jjsJl cl 

<U>J <jl_i AlSo t<U>-jJ y~J CJ^I dJUS j t4^A-l 

ft. (. * * 

(jl (j- 4 j»-P jJl .^JLJI ( j^ a^ljkjl Aj ijAl) tj^lf LU«i 

UjJiP O^S (^ul jii 01 ^P a j^- li 3 

(_j ii^ljLJLxSl ojIS^ .Jbi*Jl •(_^' 01^ 1 g.^wij 

^j-o IJLa jJp tw^waJl C..L»>- Ji ti-ijlsL Jl$P 

aJL ( j*aljl!l> jJ JjAa-ll 01 .A»>-ljjj'yi 

Aj.iU.1 i_jJti-l jjJ i~ J lS o-Uap! 

^-rr r yj omj (j LajjI Jtdj 01 c5 *<;la!l 

L«» ajI^ (J 1890 d. (j 5JL50iil dJUj (William James) 
1 g . ~ a i l " j IjiJl 0!» :(The Principles of Psychology) « ( _ r dUl 

O^M Sr -Af^- •• c 4_J \ j .tip aj ^ - 41 a ; yAj c J L^ O I 1 " ■ * * -,^ f glJ I 

La IS|j .AOjp j»a (_j llijpa O.aIlPj C->-LlX?-l 01 wbt> Liitail 

n- ^ f > 

AoLSLJ li j^i a!?L~j 0j5w-J (Lvab^ AjcoVl 

. ((LftiLii^-lj oljJLII OJllia liLwa^/1 
eji 0l IAAxi^LflJl ^j^Sm ^JaOa JjjJ 
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Js. 

y&J (1)4-L^ ^JJlP jLp» 4_o(a 

:^ls ( j. — »■> ■> - ,jj^a£ tj^J j <J>. ^S cj 

tljco l^VA>vj aA/OVIj ^L~?-Sfl iplil oljjjl C-Jl^v-i l^jD 
aj ^JLoaJI djl^JLJl 

.«jjSVl ol5(ji)fl dk 



jJlp (*y j 


(j tSj£ (J^ u- al .o L» 

•j^-^ll (_|p aJoJL- (_$! jj-ijl jji ^Jip ( J*s <JjUj ^Ll 
^p (Thomas Henry Huxley) (J—S’Ia ijj-J* y jf-j 

ipl—Jl ^yy*£ p ■•■•>xJL] £-j jJI# ! Jj \^ aj>UaJl ciiL* 

,^0y la*\lP J' ^ ‘ S31 (^Jl O j «, /a 1 1 k— * - 

Jaii ^.ijpa iI'iA il)^9 c!'.«../aI laJlLP j 

<u1p jikj ^iJl jl» (^Ijj .»JLjJl>Jl] I yZ~*» 

m 



l-JjJjL OLojJ 

aJU-I diJj y*j Jj Jjudl Silj^ll 

^y> JjLkj jJJi Jlxj) . flJjuiJl jJJJJ ^J-Lil jA AJJbjJl 

Ail (Benjamin Libet) c~~J J^UtJj i yr^j~Jd\ ^jI t JU^Jl 

. (a.« k\ s-^iJl O-jI 

JJUi CjLpIjU ^»<!...»- <—A.PJ . J^Jl j£+> J>-I SjL*J tbjl 

lLailj 

J ^>j /■»«" jL^J-L |Jp Ua^-l U lip) 

jl Oj*j Jl UlpUa^l J JU cAj C~t>U-l ^'Jl i—3jjJaJl 
oU*>UJl JjUj (jljj*ill iir® Jp sJb oja>- 

IjUaX^I ($Jp Jjliaj ^jJl p-g-aJ' Jp A—*ajJl e-bj~Jl 

JlSU^l JISJj t(O-UU) aL> jJa^ j*—xl lU 

jJJU J JjJjuj i_3 Jl>- JjST c-Ijj Jjlalll i—Pj~—i d)l 

i(Jlj^-'ill JU- (_^l) ji Jl Jji aIs 
J l ^y >Juil JlS" JLaJ Jic- J jl&Nl 

olI ajLipL N ol jLJI j cj jJbJl ^ J^Uii 

Ajj^jU- JjU^- LfcjLipL) Jj tUjjUtij Cr cs i U' (i* 
e^wJl s—."‘X j Jl tl g .-ai iiijULiJ .ilsl—j IaSU 
£JUI aJNjJI A-i LbSGl Jiiij l*JU>U; J£ V ,jLj ' 

Martin) JjJ ^jU »U iij jaIIj JJs j 200 

> »* ► > ► 

.((p^U Ljil Jj IJliI ^.<Ju Jl Oji (Luther 
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Jp '-r t 

U J^3 t^JLjjlxJkl jj^Nl a SA Jia J <j^>*Jl OjJLiLi Jlaj jl 

■ t .—.>- j ^jUM ^j*a 4-P yPy>-> aJjLj <—>^\^Jl -iJU^j jjJj 

la ‘sjLipI J Jb»-lj fr (_^* 1 iSy ^IIp £*aj 'i/I 

jjkl^Isj jl y>*li <L?-jlii-l JajjJl oij <ju la Jajjj ^lll ii^jtll 


.((^jU-i (iuji 

iiLft j j£> jl ^jL M aJI *_9jJUL Jj.il U jlp y 

J—j jl ^n.-lall .L^'ifjJ^a juj ol^pi^il aJLfc ju 4jjla£ 

iiL>ti»»'i/l aJLft jl jJj tp_>«JJl oxjIjJ iUi-.l <_Jl 53I i_ jL*J 

Jj 4al (_^Jj ^J>jj Jljj *i/ (_$j-ll j.L^ jI ox 

^ 1 - 9 ^Jl J pjsxJJl ^jjLdlo o J* ,\a>“ Ap%j\j Jl 4*1 

^ -~J ^ —Xj 4j^^eJl t ^ p ^%—J Itf 1 1 ■ IfJ . i »« t U ^y~ I v. [ ^ 1 4am4j 

jljji jl t^-1 ■ . /a a a J.^al 4jl>cl»al »—lljjJl ilLo| Jp jl 

t^-li^/l JjJLj olij jl ojIj jl ^>-L* jl tl« 

^Jj> t~ ..~ ^ ^i) _jl tilljj 4SJ>i jl tej L a.« /J jl ‘•yyr >—■>yP jl 

jJUU Jia Jjlo’ll (_jLl»a'y l_..—.a ^ls c(Ja3 Lx^>- tjJLib 

»_ijjiaJl Jl? J toL?-ljij'i/l jJJj ^jSU .‘ulsLip'i/l ob-lj.ij'i/l 

.(^JKJl f-liJ (_£jia oli CJjL ,P C41aI jJl 
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oLSkJISwi * aJL»1 ^Jjc- s^JS k^jjJ3 


^ c<uplijJl Joutll ioj (_^p JS;1a-2 olS 1 A*-ij 

Oj-»Nl OjUli U Jeu/AA liftjS- LoaaL»- i_J5UI (Jjjjj oI 

J ^j—**^1 a-LLl ^|p oLjp ^l4 j Lajjp Aj3jj^ 1 AjLaJ 

tojp ol jLsaSI j\p (J jJbJkl *_lXJ j> <3j^i O' Jj<j jj<»^*<JlI 
,(_j j^-l a y* tjli L« lil JaJb IjJj£ iyjj 

jIS Ajl A-pI jJaJl oJjjJ* 4.../?,», ll Jajljjjl CoLT 

jJIaJLj .^jiiLft j»-~ia jJ O'AjIS’ Lfil jJ ^ LgJUoij LjJjJo J^~Jl 
ya Asi^JLS^ jw> Cj'J La Jao^Jl ^jSL*j U_*ojJl!l ^jA 

t<LoAaJLs^ y> jjLj jl ^jA ^Joj ,^yay> j?~\j jt^JLJl 

■'it 'jA lj AjL*J ji ( j^-*il jjA j^i 

« p ^ p p p 

(J aL*j»a I Jo cljLjj.il ^*ojl i_j jJjlo i > jJLaiI <Loijljf 0 ? I 
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5JL»! >_.IfT __iji ot *t*-s .j^jJL ^yz>cjsj 

La ijLp^puj t^U-i _pill ^>-L> C^-L-.3a *J^aj AjUjOwal AjL»J 

tejLi^/l ^o kij^LJ Jj«jj .^^ajJl jJ>-ll!lj y~zi\ i>_.L$3l ^yJmj 

. aJL*J ol j-^-\ i—'L*J jl* 

l m .1^11 Jap] ^Jb A—Aj 0-3^Jl jUa 4^^>-1 (3^ 

- 

J—j AjL*J tA*L*Js^ <. 43 jIj L«*XXPj .4ja-33 30 J5 - LoLxia 

: JUcJl ^j^a t—3 jJjLi <JL 5 . ApL-a t. 4./3I ^ 4-JI AjL jlu 

3^- ^a*£j (JjSJljl jLII iJlA |fca (_^jl^jlJb Aj] ^OlA.a 

,«Li j~^~ ^ 4jL*^LAJ| 0.1*..a ^jlll 0-3jJl Al^JLa 

<jL£ AjI Aj>-jJlI A 3 jJl ^gZ.a (J i_<*ASLU A-pvOjJl A-fti O-JlS’ 

ap l—Jl itaj'jLflp o U-1 — ..i ^> * tvj ^i«..- > l .. LJ L^——j— 3 ^— 1 1 

^adJlj a jjljJl (jyj tLj-jUp ol^-l ^^-^P jjJb ^>-1 j 
y>-\j aLJjJI (J o y> 100 (3*b (_^LL!l (JjJUjj t(^J-iAVl) 

J...^ "11 ^P c#*^" ®J“^^ Lj-jj -^ji-sJlJl tJ j* 104 _jl 96 (_jJu 

1^4-.—< ^il jJuJl ^^P Oj^LjoLl A~ipV jl I OjLa^LxJl <^u 
aJ^ i (j-u?* J l^J^a t-jjju jjc*- F Aa^LuJlj C Aa!>L*Jl 
j^Ul y> ka hit oL>-jj <Jp Aiksi (Octave) 

• L^La J\ 

* P * 

tali o^Xa (j ta^ta^l ^talp JL^Jl <1)1^ 
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<_ 9 jJjb uLif 

b^ jl ciJjlls (j-JL?- jJkj oJLpI bj JJLaJ j! 

J^ly^ cSjj olS'j • J >-1 ,j^>«->i Lgj'^rk 
(j <wsjL<Jl oljl j ^~I ji ^(Jrr - ' ^1*^1 ^Sj® (J-* coLli^ll 

Sy^L^I oUJLJJl jl t(— A yiMl JjjL/O jl COjjbJd 1—9jjJl 

yl t^jLiJl (_j ojlil o>L>»^./ 3 jl coyip a^>-LJS 
<wijlc- olydLo ^ c_iL« U (J^9 fcJLilyJl _^v& isjjJl ( J>-b ^yili 
t , . 1 11 a...a»l l t -j^ A .5r..A 1 1 ^ 1.5 t..." 1 g . 1 c . © ^la.. ..11 . 

. j <U>Jkl oc. tf./ai ^1 jla.,ig| (Jl (_£ijp 

(j-LS jLf>- Ji* Lg-lla ^1 jll 4-liu i—syUL »—i*^ cJl£ 

Jl»CU (J/*^>fcJl (Jp ojl(j^* b^Uailj . j j...>L < N j 11 J»-ljdl 
iwoJjoJl JjoUdlj L~-Ij ^wail «C.i»..^a.l1 ^-y® *L*j y»l cJ-oJ^ 

( JLaJL> «• yi-C ijLJl oiay-l J .((Jj*i/jJl i-rfljjj 4 a l.».7.l 1) 

tJjP dJliJlj JjVl <ui)li» (Jl^ c_jLv?Ij coLJijjJl t_9l*-^^[ 


.(_JjljL-l (JjUaJl ^ g‘..jy cIjI iJjJjta dJy.,<aIi ijylp i>sly» 
Lf yiVl yJsljLa yp Jbu ^y* i_Jjl>tlll f-bjl v_J*}b3l Q...9yy 


{ j^> yii- ijbldil <U«ljjJl £^U»® CylyjJl d^-l Jb- (Jp cjlScll ^Jp 

.US’y*il 

JUb ^yyil ol^-^xl C^L^-yl y...» dll C _9 yLsLl ^«*- ■ ■'* J ® (jlS 

* 

p_L«Jl (^JJI J-iuJ .1 <jp Iyi£« c(Daniel Todes) j.s y 
(Jp (3 J& C.-a 5 vP Cl _9 yUL ol y>i[ OpxIS 
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3j Z jl 4j^...'J 1 JjJ j oIl» ^p lI->U-/3 ji jLis»-l 

CJlS 1 ttiUj ^j .aLu^I uJjLjilJl ip j^j£ Jj ii*jJ j 5Jb»-lj 
^jA \jbjpS' ^P i^y*£ A^>-Ia« 0.X^>-1^ Aj j£ ^3Ujt 


.cJjl>tl)l 

OijJli* £ZaSj (jl JjcaJLi a jjjIaaj *_9jjlib C—jI JLdJ 

jJjJ k_jUUl ^Jp Jbtj .Aj^«l»<il 


jJLL jJj Ljill JL^-j ^jliil A Jlill (_^p ca. ‘ >> i o 

I* p. 

til»iUj (_3 Ul*,lj ■ A-i-.^J^o ia*Ap JS" ^ — jJSI 


. a!j— ll ojjjtJl (_^l »_i jjcJl j_^p oljj^-1 ojji (_j 

* , ^ - /_'*"* 
IwJl^Jl ^yiapl ibjlpL^J <JL+jijA oU^U £jji C-3JP Ujcp 





A. JL» «i^ il oLo^taJI C« 3 JP LaJJ^J 
.jjjjC ■-’.) U-A 
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i _ t jJjL OLojJ 


oLo^taJl ^ja SJl jZa (ju ^llal^l U 0 Ip j~*J 

LoJ^p l) 1 i—.Jl^-L) 4 j^S\J .<L4 wj^ il 

* «f 

^ l >m 0 t Lo^VaJJ \£y& jit+fr ^ 

. 4.>«.aj t_s jJLjLi JLu 

1 - a../? l_Jl^vJ 1 ol ^rjj n— jLxJUI o\jjiiJl oj^p 

Ai*-j.i ojIS' li| Lo (Jp frlij L*no ijac’jA^- 

^*-PjJl S'i/liil . A-J jLj j] t_-lpNI (J Aj.tci -/n j.^all 

(jl tjjlsli Jjjlpl ^oj ^j-gAo <wJ^H (_£-lJ AjL 

A.>»aJ jA aJIhAj Lo J-^l jlS' (J| i_jjjcJl ( j^> £-^lll iJLfc 

. L*j yf~ lllp ojLipL 

^j-o aaa^-I frj)11 ol^ olsLJI a 5o|® 

Vl g .-d) AfrjJallI (J,J ^11 jAl e,y> oJlA O.... Jl ~(_jl■ »>- JJL^ 
Aol^~ ^ a ! . 1 ** t i ^ i^-jLll.^ l h . i' 

.((?A»^-I oL5l£Jl (J jlS^ JS^ (J (J>*ij twiLScJl 

Ajjiii IjJUtf^JUl fr| e JLtJl ^jjo Ji« —ijjJLsL oj. 

^X>-j A^ 1 *jI . ^-1- .* ^.M.aj iji 'i/jl^ LU4 ^loJLi oLS~ — Aj^5 
^yii .aJs^JL lI ol~«S\j»lii /^o L 0 J 9 - UjLipL (_£Jl 1 jl./o«'l 
Uj (John B. Watson) j j~J?\j j j>- tsJb^dl oL'iljJl 

Jji?M ijjLJl L>-^J_^r*’ (B. F. Skinner) oj 

a!.,^>J>I j . JL*il -Jjijj oljw< (_^l (Jap Lg-* 
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Walden) ®jj OdJj® 4 _jI jj c, c*,&”> • QIxjjI */3~a 

Jt>*J <><£jJuJl ^LJ ^ISJ ilu^U OJuo (Two 

|IIp» (Aldous Huxley) (J —£Jt ^jjJl jj j Lg-.^ai oljiS/l 
5JjjJl 43 j**oj (Brave New World ) 

J J -OiiL"Jl y* ti' jij - eSj^bSL ^Ual ^y>joi 

44j jJ 9 p| f JL*Jl yy ^JLJl JJL*Jl 4»_>tJ o^v3 

^ > 1 ^ ^>*L^I ^jl i C_3^JLdtj i jm^ 1 V. ^rv5o2_j I ^^ LlJ 43 J jS\ 

ejJLiJl ^Jb LLs.3 \l>- IjL^j»- O^A^JL ( ^ i> .«^anll jl^i-lj ^lU 

.cjLSLJI 

jy*£> 4P4j 4 j*>Us jS ijjjjL oL>- y> XaSjIa ij*3 (J 

#» p 

.4j^LT y> LIS' Lry*Jj^ 
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c*. 9 i 
V 1 

jJaj 0->L» (_j i^JUlj 4->c .*» i ^j| 

t(Cold Spring Harbor Laboratory) ^jjU jJjS" j-«jc<kj 

Ajlo ^a (<w3jisL) A..mi) jJlsLJl cjLi3l ^ Ju>c.I..-j 0^5" ll■...•>- 

. Jj»-*i/| aLjJs a^5lJL!l< aJs-J ob-i-l li>ij a^5UJI 



^^-1511 ^ jLS”Ju ^waj 
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U.O..J ^JlsL iLjIiLo)) CjI j3liaJl ^jA JbJLxJl ^P J}Jd»lj 

.5C^lil j~i-\j 

is j>-j* ^v_-JLSsJ (_jjl5JLi >_..<a’i)) SjjiU 1 1935 ^Ip Jj 

<«_-J-^J JliC 4,^ 3 :j l^ la .»j (J <jlSj jl (_^p 

( j^J«il ^4 ^\jhl ««ili ^ “ * * *~ L^i ^l-sP^Ll tl^jp 
j3*S Jl 14 4iJUPJ OLmjNI JJ-3 j l_.^ails» : JjJij <_jjJlili 
0 I ■<> -i<3> ol U~Lp 4-Ijl 9 ^jbdl 

•^L$JJj jj* j^l L$\ (j*° lc^l J 

Jju (_ > j’VS* <Lj 4-g../9i J^iLc QT>cj td./atll 4^9 (J 

.((ioL*J 4 ^# (J dr® 
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jmi Lai ♦ jj 


V 


CjlJlAy O 


dlio ln II dnkiig II ^L9 



O yJ J J 

aj-i)l ij Oilll lg-£ jwLJ ^jI 4dla'.ll 1‘..-1 Jil 

^ jJLkII (ju ^ g AI JL»JJ kiUS l’....,.l ioli^jLLa j 

4...—*JLi 4jUI ji-\ <! oJlS^ HUs (_^JJl (J 

^Jl ^UJI JS'Lill (Jipl jl ilfepVl ojU-Ij . Jl 

C4_L^S>LoJI Ailidl clUj J Lk JJi^JlI 4j>-ljj 

4 51 Lai 1 (Jjlii-I l y+£j ij jJ -j tL* !Ia*Ijjj bj 

.4-*jljJlj I oJL*jJ 4jLijJ J 

1879 i (William Crookes) l _ r Sjjf fUj 
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^ f, 

olJL*il {jA Aulai j>-\ li>oj tjjbj ^IjI {y* f jj (_j 

^1 C.SUail 2jz*-jj ^g.^aj ^-LSN l^Jl 

oLlij ^S^ykj t(Black Hole) «oly-Jl a j jU-|)> 

J cS' ^ V cs^i 8 ) 

Edward) jy>- ijlIJL a jjJu 

jjpxS* Ja*iUj J.LS ^jU* . (B. Grothus 

•o ^ 

o^>tilj . olj^ j>- Ol^d ojpxll IJLa Lol .LJl>- 

oLJLJLJl » ja j <id*o 4*..^gjl a/^P f- jJjT 

tf-l jill oL>w 2^J lyulp tiiblJLP j cCjI CjIjJ jaj 

u-d^J j 1 ^* j-rd^J ‘i^AA 1 «if=r'j 

4-Pjlj 4^^531 .XfA-l jLJI iojlia 

( j^ = iLSilj tAjjlyl-l oU»-jijUj t<upl , .. v aH lioyll 

4-—ili-l o'yS/lj tiJl^Jl oN'Vlj loVjpddj t4j_/L*jjLll 
oUUJd 2 ^»As 17,000 ^p o~L~* JujJj i<LoJO«Jl <u5C-iL$vJkl 

Jy*jlj ijwJl jA ^Jp- C.-a S \JS ^1 ^Jisaij I 

■O’^* ^ ti *S ? " ltKP' 

C.jJ? L <_JLpI eBay ^ja ^ja * * ■' ■/*“*■ y> ^Jpj 

i_)y*~Qyk2 c- A» ^ j L>r-lJ 1 ^| 4*J j 4^-b*j 

JiCi f-\jj^i\ jl l$-i ^1 1897 k~A J (J. J. Thomson) 

C^yll a Jhi <0 -i- L^IaJ t4i>&JiJl <L)L*u olLl <Jl^«il ^yt 
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jtfCLs jiJJ 
* 

Robert) jl5LL« o yjJ UIp ^JLp aj*>\Ij <iJJ3 JL*j A>*?-tJl 
JL*jj .Lg—ilij 5i jAa oil jJ&[ l$J Jjp (Millikan 
Jp <_slkll AjL^- J Cj jip <uJLiail (l)lSj*ill J Q.»aj <1)1 

Fluke <-Sj*j AJalill aJIp asQs jJua* ‘aip cu^ U 
J^r*"-? J <J_^ -415B 

30 Oy <1)15^ \a..Aj l y> 0 jJJl Jj^laJl 

jjill (J Jo a!I j« j*-PjJI jVl Jp 

. aJIJLo aJU«- j 4 jI |JL) CAPjPll oL»|j-^Jl <da->il y Jojuj J ji*i Jl 
J» JL»I yA Lf aki-\ ejM JJ. 4 j jj>- <1)1 -A*jj 

AS jiL> jl t-ijlsUai-l ^yi j^>*il «JbO« i)*>L*Vl 

aJU<9jJ <l)lSj Ujb-I Jp OJp <> 

.£SjJl Jj-U^ J| C~$^lj 

tj^Vl A {LJ&- (J jl 01 ijJ AjIS’j jJlo 

J» JJlLw-j A>iIs|j A.la>- Jp dlalla^ d)l — <iJL!3 Jp — JoS4jj 
jl tiJUl AS^>J»I J-»»j P'UjjJl jIj^M e-jjp ebj-Lil C*«jljJI 

Lw»Ijls)) J laj>j <«1^>- aIjJL^-I jScL! JjI Jp ■ * 1 * 11*^ 

.*\>$\ fi\ «Lj;>. 

13 d)l5^ tAijjt JI^pI J JljjJI o^y. 4i ^'j L«jlp 
f * 

10 (_$! oy *'J Oi^ <ililSLw*» : J Jli 

iillA jlS" J-iis (OjLji oJjl>- . Al*i jj *JjJl cJLcjf 
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s* * 

il <, Jaii IjV ji 99 f-UJ (^LjI £i y> <Jp l»lc A^-Jb ^y>y- 
C—«>ui t C ■ la ■ a -1 0 1 JLujj .<L«jL«il J-jJj (_£Jl3l Jjj- jJL. jl 
Ojilpj t<jNl # yc* —« (Jl^j ^. .>■ Ljil^o ^1 SJl?- jJl 

ji (_ 5 V“ jl ‘bb-H A^I^ll JllP OjiS y . JaJii 
e-l^JLc- a ^pj (Oppenheimer) j^jL^bjl jlS' cL-a- jJ 

^P i^LJLaJI j J 9 LjL> 9 O^JLdla^ AjjjJI A^UaJl 

JLxj Jl9 j •ja^-'ill iSUaJl j Jwa^o Oj^rLJilj A^Ji 

.p-JlU jlJbCL^iVl A^ftl (_^P’ d->r««<aIj 

<—jL±J 1 jjj-Lil i — J ,y.Jj Ob' 1 1896 ^»Ip (J 

jyAS>- iJLvSU lL*ajJ_^S" Ajcala- ^ oljjbjJl A>-j,i jlU <JU (_$Jlil 

Wilhelm) y£>jj < v .l..g. l j> bb-a- '•u^y. <j « 

* 

A-^hil cJbj . jLJl Jb J^-b ^UajJ ig,laS:ll (Roentgen 
JjJ&jb (jl^JLa yuMj tibll'ill ijjljjjjiJl A-jc*j»JL 1 jjUj (J 

f, * ^ p p p 

Lj*l (^pIj jl^sM A^yxba ^■la-^wil j LS^V Ua>-I aJi (_^jJtla 

.it>Lil JUp aJlJ 

jj*~boU . eJlaxlil oL*y jJl (Jj dJLl j J-3 

OjIS” JLis . a^iJlaJ AjjJ Jlj b a-Uj^uill j»JLp oil Luj ^ .laoll 

^Jjj.bLa oNiL<ta O-aPOj tA>*-»alj C. >b j-/3. 1 aS" l jul^ 

. A>. -J aLjtllj a-Li (^-1 aJL>-j (_jl.il^3 L^alil ^yjl C->U*)L*Jl 
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jl^LL. lIjjJJj 

Ajjiil (j (Heihrich Hertz) jJ j^a j 

La^miSj ^ t Ajl 1 • • * 1 ^ c. L? 

La i ( j£Sj .(■ j,/3 II L(XI (_£I ^Lf-UaiL-ilj Laj^ 

>( j—S| iw-il to^il) A*i jZa j-S 'j SJbJL?- ojJkUi ^L«l f-^jl ^>*j 

ji» .liisb^ jlS” jtfLJl iLSipNl jl Ujlp jl£LL« ^-1 

aJLwj j ^x>-jl^ p! jl^Jl jJLaIL jLi» 

.®lxJo> AwoLu»VI 5-jLj^aJI 



4j jZmJ Jb o jJaj 


OuLJl 4 $LJLiS*Ij LuJlp 

JJ>p *—>AjLfX (3 j^^ 31 a>«a 
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5 jj 15” jj^jjJjco (j^aji jS- jJjjJb 4 -JIp 4.1aU jij£ 

' g —~al CJ l .-<>.—..a liULj) “w ”-ya L^>w Jjjlj 4l>bJL]l l_JL~a 

^iil s-ljjll ^p- ijJKJl i*^il oj 15" .((_jlj|jli yj> 

[ 1 i * l ^11 ). n »<jl 1 -1^ - 1 ' ^ ■ I*? 1^1 (1^^ 

^L»-jJl (Jp' ^Ua j^Jaf — LJaJLa L^Lya ty~^J ^LJj jJlj 

Jsj]sl>- j 4-^aL^a jJlS^ C-5^Laui'iM d)l ^LJi Jj«j La 

p. ** 

d)lS" ti_J^j'ifl (j^ Lj jia L>«wJatJia J lilj .<».«a*...a 
l*-iLsJ tj^-l jJL» I j^ta- ki~J *A^-1 (_JI (_9 ^LxJLJ! 

. jJw) (_4 j SiLa Aja-i^U (1)1 1 yjjil IJb .LLHj 

lLU jjj . ((eilll oNU- ^ SJbJLa- aJU- t»iUj)> d)l <j~£j J> *-Pj 

.4jcJL1I j <LjL*Jlj iljLJIj <ul.pg.ll iSilll oNla- ^..,^7 
t_9^la j_^P ^UjLlI iaS.* lil till ( jaOjj (— iLU (1)15 
£'l*-i^)/l ^a ^a-| (_Jyptl (jLjtll 1 la2 4 jU tijl5 0 ykj (_J 

(_oJL51 l^lp- {jA JJLi dJUi JLxjj J)1^a-*y (_y®^ S^s 

»* 

^1 ( _ r -jjl» <J (Henry Becquerel) J^Sw <£ 
yS- Sjlllj ^j-jIjjJI ^j^a ^j^a ojiLsiaJl A^lil! 4JtJaVl (Jl^-i! 
(jl (—j^P La (jlp yAJ . 7"^J (_^ ^.^*5 £*j.i 

(LA7>tJu La CaljUJl (1/uLi l t ^5voj ^PjJ 

oljJ&yi C.-^ 3 ( -^^ 9 Lr^ ‘■LLI^ o'^Lcoj ^1 0^/1 ^a-L*jj 

.OljJJl 
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^1p jlP jOs- 

j,ia. ...» ^lll 4 j^I>- jj J^jOJ LjjjI ilp LoJuP 

jtjkj UjjjS j»Jipl Jbu oISCJl^o i_ jI j t(jj—J^uL« L^Jlp 

Cavendish) ^^Lj-UJIS^ Lf ai .SJl>JlA-| p-LpJjaII Q ja...l&.,..i 
01 0 y ~»oJI 0 jLUO^j 0 >(J (Laboratory 
ijiJl o^SOl JjiLl l^lj J^Ul! UyL* N 

. U<ajl 


£"1*0* L^-3 JJLjl O(j JOLi 4..-A) Jjjjfc Jjl>- 

LaU^p jAa j*** uy 

<jl dJUi 01 yjA jCf-\j .^L*-lJl ^1 tAjjUa-j 

^ O r - ^ (_/"0(^) *(_3 {O'*^Jr ^ 

* 

.(JjA*Jl jj Lst~*lj (Jljj 


f -\jAl ya jJiiil ,1 jJ01 (J 0^~-«i—»ljjl 

j ~0^ #JLS" Q.>1.oP «LsLJl 01 i?-jJJ ^jl>- (_^l 

ilijjjjj Jupiil ^IJLiwxlij .jUa*oOLJ L^jju jJ LIS’ jJ IjS” 


I j.Zy» Jlxj La jAj u«_»>-_^ll >. La d 11 ol £■ ^-UdJ! OJL j£- ^llar.«l 

0/1 AaOLa* ioLo ^' . a <P^MpB ^^jl^Jl ^ual O' t |p L»^d 


.oLjj£3)ll 

jjxdl ^ ^^3 LsM Oj^aj^o jl^»- *1 j-i <^jid 0r^' 

<_j la-.-Jl 4-1 jUsNl '.<JL^ iajLia 

LLo-*j) jxlU ^iLa 43L^' y L • ■ t*?) 
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<j£5slL* <ji /yjj 



^ j\ jP j 4C JCS' ^ JL» . Oj.^.o >wJi yf- 

1—9ji 9 ixii iljl ^J-3 E j D B (J-lJl Cr 4 -? A *U>t-iJl 

.flu-ill <+l\jy£ ^1 ^j^-^JJl {y>uZ> 


(Herman von Helmholtz jJ j^Ju* 0 ji jl* y* jli^l y\j ^iJL 
i. a.,<?j jL*J isL~o ^jyjJill ^ju .c-jjJ^I ^Jl>- Jp 

»/ ».lfl« «4 Jjl>«J L.l*Xl Lo^ J ^s3 

tplj^AjjJl (J^s^d J ^*X>w***j ^ LJlll J I*La jl2J 

A-o1 1 »X*srf9 J £- A-oLa J\ 0 ^v>-^[! A^m-qJlJI Lai 

. oLjLiwJl JI ^Tji ^rjL; 01 c-oi-iJKs 

A3jj dJLlA O-ilS' Jj CLidJJ^ I^J 
^Us»j ^^LdL ^-a-L>-I I^Jlp Ja>- 

JaJls 6,3 ^_Lj |J^_>- A^jj-^SOl o^aJLSI C.*Jllaj cA-uj^SsJl 

Lj-*j^5^1 oUjO^^^fl «*j^J J-Xull ^^Jl£Jl 

.laJLu ol Lla ^5JJ»I L 4 W 7 I »JLg >0 

O-oi tJl!^-<JLA ^ylLa jLd! ciJlj jJ ws^a 

.^^L^ail olilalj ^ ^aLi-l iSUaJl j~L,<a a > 
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1 * 

ijjVl Jl^>- CJij LaJilP .LjjP JLjJSil c)IS" 

Oyi^Jl (J J>- i—JU ^Jp a aJjL» 5^1^ 

<—J jJ>J j*lij ^ (jjjl £l*-i eUxi (jUail jl iaUx-^J 

ilj jl J-*-> c ^-L>-jJl 4^3 JLJI «C*3 

. Uali 160 Jpkii 



|jj»- Up j » jlS^ JLj-iii jJJi jl JU !i>-U-jJl (J ( _ s ^'l 

fy. Q ., 13 * ) ^Jio JLiS l<L.ijjl^JI i^-iVl iljj 0^\P_J ( 

lo «il» jl t(ectoplasm) J^-Al a-LUJI jjjj 
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jl£-L* iSJjijj 

iSj>u C—<ki i jL>*j i 

■ la fl 11 4jOJ 1^-3 ^Lm-llLi t_.laflll jLilj iijj&zj** 

Lu- y-Vi 

c*Sjp- L«JLp . olilll la^.t’.T iJUl 5jiai-l 
4^*Ao J>\s Jiwx'il p-Ja»j ola>«3 ^U-iJl t^JpV 

ijl^ lcc*J • 0,76j Jals 3,5 Jl£>- -UP jj-jNI Jt>-la 

~J\ cLUb l^~>\S La jS\~a ^JpN CjUjj^SsJ^II >—)llaa..^l <JjLs£ 
ij^ubA [ 43^‘y ^ ^ 1 j j 0 ^j2j LjI^ ' ^^ 

A * ■' ^ i lgimi N . 1 ^ - *j ^3 4_1l S [ ^P LAt3 ^j l )1 

olj-—aM) <_$,jP <J j*-*-! jJp t-iixilaJ jl 

li^ fxl tmJ ijl ( ' ^ ^ I 4 la ■ ■ «i > ^^^11 

IwAJL 5\J t(J\S^I oli Ujj Jpj'ill O^;—>JJ ^jlf 

. l $ : ...■ - 1 t ^p (>iU 

oUiil (_j (_$jLJl jLJlj JjjVI ^jlPI — jl 0-**aj 

Ojjaj-lj 5Jjl*ll — 4a>«Ajlil 0 ^jlaJl jJaS (wjLsaIj 


11,- k^jJ .^1 ^jJ10 8 x 2,5 ;4jjL«iM 

9 ^■****^■^1 ^l^l.«.«* t 1 

Lp-ji i«l jip Lj^Sj 4-Jlj ^jS 4jjL«JI p-L a^S 4jL ^ jijQ\ 
/.50 4..W.J lgJ| c JUp Ji ( _ s lll 4awJl CJ15J . (Jsalj 100 

^LaspVI ^-a>i^ 1| iJbJl ^Jp AlJ—ALr— ^SsSj l aJ J . al l Ao-pj 1 
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p (_J jl4 


• J* 

J^>-^ll jliJl ^jj 01 !41*j Oj~ *•*jJ» U <«iUi f jA j^J^I 

ij^i ^ ^(j OJLwil £jj j\ (_j j~»Vl J 

■ Ig.-fli oblil 4lbiU I 0_ilSj (4 L>Ij 4—*«Jl)l C.JLk JLai 

ojJLl olll 4l»*JLll 4. .,i c.-'^.i JUaj !<LjjP SiLa Li U 

^JaS (ju LiLiSl o-LjI — I g IS Jl (_4>-l ^fcj — 

p\ jjj&yi ip cji s, .(U-UJi) ui-i 

10 j— 1 JU ^ Lajj tibbk C-jIS 411>**i (jl Lai )Lo y> o< ilI 

(—ILLS’ ^p 4jI aJ y lr°j tSjJUl j£&> y ■/>! jlS’ 

• (_£^*Xll J*~-JL-| .^JtaA^La 

j^a jjb ‘Lull (jis“ ji 4 jLSj j *~ *i oLS" 11906 ^»Ip (J 

f, *> * f. 

4 —tU ^ Ij .IJIpL^o Ibll—*»l (Jl^j 'Ll s y* ISl—L 4—lp ^J-alS" Jl4P 

4lSJ toJLw>- (^Jla...a 4—waljjjl 4^5' d—ilS (L■«>• (LpjL> I—ajJla 

^T'-S’ j^P' J-*J t j^jJl jju^Wlj 41aLJI ^Jb 4 j J 

t a 

■ | + $ 4 ((—jwL^y— 4 U L*a»« J 

j*-PjJl ^P Cij^—a4j j£- (jl i y (julJ (_^P (jl^Jl^a (jLS" 

(jl jtJLu .JL*j A../ia)\ ^ jl Ljll 'L/J (4-LjfcXa Ljll 

^L>tJ»-'yij CjI^JJI *Jp 4 —+S (J jll oLj^v^JNI 

I -l3^a <I g ■ ■■ a ■ 4——jJl ^P (—jUall 4 jLj 1 (_j y 2 s>r o 7 " ^lll 

cjliVl JJ® ((j^flJl 4 ^ 5 !"1 (Jj -44 jUj« 4 Ljil jj-*~ojla 
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jlSiL. tSj f.jj 

a ^>-yA «jLp e-\j (jL ^joLcpL jjuL y> cIjuj^ 

Jl>-I ^>>US (_5__jUkl iJlA ^y> j ptJU oJU>-^J l ^J...—Jt IJLpj . Aj jul 

. AlLsiJi lolj All? Lot i jj—ojjp A—J |»lSjl 

Jb4»jca (3 o-^jJLJl Jb*-I Lg_j Aj jljl^LLo Ijb 

— O-lll jL>eJ ( jj» Ajl>c—J jt jjC ^t APo ft^yLl>. C »« 3 IS'^ (3 JJfr—*-0 
.(jJjt« o-Lpj £ls jj jJl jl Ajo-il ^Ijls"oI««<L Lg.--.uL j»J 
.AjjUaj ^.laa.i J-jaio (JJjto ^jJ Lgi^j Ail>*—Jl (3 -Ajj-jj <jl^ 
lA>L>l_-Jl A AP y-^ (3^ .LLJJlI JUjl yj I A-9 I J^-> J 

^Jlxj llyjwLii ^3^ (3L^7^/I I«La A o »■ A.I J .aJLs^VI t -_ ) L~P- 

4*J jjAAj ‘ t.^A i Oij^-^ll A O ^w h L i 

A—Jyjflj Ajax) ^1« 

L-ijJu jLgj>- |*l <1 ^Jp (_$j)L>: 7 ^Jl AjJiJl oJlA OjIS 

C - ' L «,^y>l]' J! J^^ * -w 11 yY-^^O L A £ Au L>t. i >i 1 1 Q j fr—1.1 9 A®yp 

y\p a>L»&—JJ (_j^JUI Ji^l ISjIj jIjaJUvL ^jJo^xj jLixJl jlSJ 

J 

tJsL^-Nl Jp AipL cLlS^ LgiS”^>- aJI jA jl LjL— j>j j-AX-.-o 

jy Ubcoj LuL AS.XA ^^P ^yL-J OI J-J -XgJ-l jl^J—s itJ S 

jjJJaJj y^ix-Jl (Jwbto ( j^>Li ^.laX.-ji pj (j>“j tv—JL—Jlj t—>- 

. ajLL->- (_j AX 0.3 

tAll^s—Jb ti. j./JPj ^lldll jtiLLo Ja»^p tdJUi ( 2f 4 *yjjj 

oljJaa ^./j) jl Ja^-^ i_y^~Ijb IJl^A jl ...Ai y>rjI o 1.1 


207 





Oj_jj ^ti aaHjco oJU» oLil 
.(j(JbjwJJ Adl>*il 5jisJb i-jiLi-l o ji C-ojl y 



.Li-ll C £-l_^ u!ajJo>- B ^LaJl iS^Ji '4-j^><—■JI O ^ -- L j AS y 
£*«y lw—. A.-1Fj fIof jJull A AS^JaJI Ji-i A— 

. 4jI (j 


t \^*~s>- 4 j ^1 ^^kll >X^x>,w>> <1)1 

«*• 

4j^j tCjijlajt)l aLoIS^ iJ jU\ 4—fIj3 ^y> *)IJl>J 

i_J j£L*Jj (J (JjJL>elibj .(_£jJf-SM jJb SJj»-I^J1 <CSioJ 


AdJLi* ^ i jJai JaliJl tj^JlS JU«j jJw> 

oJLj C~iA pL-j iiL~»^lij .al>oJ (aJaJLa]I) Jl^i-I Joii^j 


■ AJ...X.II Al^xJluJ j^jjA-lJt (jU^M uy. C-4j Uo^ 

ejjflSlI jJLdll y-> UjLLo (_JjS»-NI jJj ApI-a obUJl 
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S-JJ 

jl5CJLo Jli .[AjJth Jp JaLiaJJ aj>*_JLJI j oJ^-I^J l 

t- t- * t- * 

y>-\ i ac\./t* j| t4 j] t3 jl <2 j\ 4 1 H I C-JlS' d)| 

HJb-j .((IgJLp a^VyJl ojjp Obi jjw’V 

LjiL UjJi 4^«ob>sX< oL«^i aj>*JL 1I ol I Ji> Jli <01 

.{jljS 19_ 10X1 ,55 

^jjJ (Winnipeg) £~Jj J! <l)l£JL« _/L- 1 1909 j 

(_j — IajCju JIjj *ilj — ^ >l^Jl 
<u..-aJi (j^^il! jJj .fi jJLtjl jiV-c] ijUaj^Jl 4 —x^pxJL) 
(Ernest Rutherford) ijjijij < _ y SJt 1^-i 44 -^Ij jJl iu-LSUl 

lw> tiijjJl aUjJJI 0 j-0^ Jjjj ajjl>- 

O'yi (l ^ Aild ^jA ^S '^Ji ^Jp aj! 

ji (^JUI olSJL*« l>-li ttdJLii Jl*j ,((J^>-1 j OjJSS\ >—a-DxJl 
Ua (1/* k — J (Jjjpl eJJJ>-l ^jp 

. I JO JL^- jl>uV I 

^ ** 

A>sjllj jP oLS^ (J tjUaxSl aJ jj«JI JjjjJa (jj 

s-Lo ajJaS eL>- iji jU 4 ^awJl J| Ijlki .IpUiJ j£$1 

Jplii aJ0>-lj a JfaS ^-lla*.*! jJ Cr"J •(jtjiHj 

.ojIj 4*JlA>-j ajU JL*j oLpL* aJLP 

a]o^~ (_j (—J 41_ >(JJ (3J-^7 (jlS^ l^J 

.a^jlp 
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L5 1P jL4 jis- J^-l 

Harvey) _ / JLda jjU ja ^_JLL» tjplSLJi j jl JL*j 

yc- j!5 oljj^jJl fc—JUs jAj t(Fletcher 

ii yf- t\y>-\ jl^a^/Li jlS^ lj| L« iSji 01 J"* 

jlsli (_£jLil .f-lil CjI jiaS ^ Uajl S^rJwaJl a^Jaill 
^bll JL>-I yA oLpLJI >- i -la’-* C-jjj iLis 

^^uU^Jl ^^4 ijljjjli jL>-jJ !iij|j-*l! t<Jl>*ll 

SJ-^4 «> 

** 

lilij ^ij . *i?Li ^1../?o.» o^LvtX® iJ-*L*-* 

_y\P ^'jj tjl^_i-l I -La (_3^3 d-Aj jJ I 

* (• * 

yA L igJL* c-jIj® :^U 4jjPxxil (diij (_$ jS'i jwl tjp-M 

jJai JIaLLII JjS^-I 

c- } * 

.£jj> yjp jl^Jl ^aS*j Zjjiua If-jJ-f (Jl?*ll jlS^ 

|Jb ( j5sJj t^-lill (Jp CjI jiaill C.la-ft U jlp j**j 

* * p 

l4JLSi 4 jI jS (■]_jiLi 4jiLl4 ^yU LgL« jjw’^ll (JJ>I jlatfll (jl 

.oUa5^Jl JjH ( Jljjj 

(wJU- ^j* tj^*“ 04 jjJlls j!5” cjllil ^jJl (JjJLsxj 

^IS_j tJaJLs (_i!l JL )y ajiliil L-jljjUfl-Jl yA 'bj^S AS’yAJ^ 

JUfcLi ijLJl J-stf y-> (jl JLxjj . (j l^ A*L>cj)I (jo-_ 9 JL5L. l.g.l .*/? y> 
(JLj_L>iJI la-.- (_Jp‘*^ ^sJLJ ojOwaJl oljlaail j.4«i 
iftji)l f^iUl i)l^p-Ml lj>LJ« (-1--?- t (_£^>-1 (JJ»Ij)a3 
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oL$Ul~4 iS'j LoJUp^ .cjLj»r-i ^UJU s_/JwaJl 

t<Uplis oil *—j _p' J (_^ _/>— 1 J aJs^-I OjIS" 

<* t 

(j Ljjiij fji J$0 Jju Ly3®lj l jLgJ^I oliljlplj ^JLiLsj jjfc 

■ j g -* I 4I-x ajl oLojlull 

4% j£> *J3 1 j »i<ai jAj l<uA-P C' 1 ■/? jLgiM 

4 la .“..a olS^ il_/Jb*J (_5 

0L>~uL>fcJl Ob-jJJl tw«5j .SJj>-Ij o j£j}\ t oL^ULwo t .a. .,/»* 

(_}^"jl '>- , ^ J (3^ c ypl.., «gi l ^U-jJl ~4* a '~a 3^“^ 

Jl?-I 3j • *W5 jj 20x15 4_olia ^>».ll jJU<aJl i_.^4-1 ojic-li 

3^® (j-bt® (jljJa-*il *lpj !*j-s<aJJ jJi*aj> i3U* <j^ 

. all J-S'jJ <L».X*j J-Ull 3 <jj-Ul-; 



^/-P o_/JwflJl ol^iajJl JaiLw tjlSLLl Cj^ ^iadj <j^>xlJ ^jNl Oal—jJI 
^p (jJuaiM Dj C 3^r*" j-Ul 0^ jJl o-L-J.1 v—Jaj 

^jP IjLxj jj-LSUNI £3jJ ^^p5"l 4 jcJmN jJu< 2 » iJlljb ijl^Jl (_}j_j . AjjUaJJ 
^\J«J J ol j\xa}\ 
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l Js- i_j jL4 jUp 



jl C.xla'.il t _y~^ il- i jAAa (jlkj^j -•/»!' oLS" 

.pjJLs jllai (_£ilp (jwf” jJLa ^L ./aa (JjUUol 

iiLft jlS" jJJl (ju <U^il^il ol ^a2i\ (J 

j-g^ (>— uy. j-*j) 

^lli»j t^LiJl j P*i/ 4jtl»Liu SjJw> iajJa>- 4 ^—Li 

f > 

jLj® (_J| -Up jluJl JJcUd 
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Oi£-L* jjjj 

i_I t# JaJls 2000 *)! )) 4j Jty.ga jiS£) 

J,| a5^>^ wLp j .(o1 c Jl*iU *bj-Jl Bakelite oJlSO o- 

ilJ.Siaj Jlxj . 41pi_JL!I JUiJLjj Ijo jLlJi IjJjL*! 

4j jf- i_ojI *\j2? J\il C-jjJlj <LijjSlI ( j* jj^aisxXU e-lj^'ill 

5jJj'bl ^I.Jix.T.o'yI 4 ^aI ^e- o Cj* 

•J 



^*jjLa ^_.«1.b jL, jLf>- 

(Alison Kent) c,'....? jj.-.ll iijj 
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4l2L«ijJ t(_£.ilp (_jJ-ica C^J^J ^iap ^ L ^' J 1 O-o-i 

JJlill J Cj jJiolj t(_5jl*Jl jill (3_^i a 

oljJb 4^il oJb j- '• ■ -•»" Jii!l jP « j.». U oljiajll 

( j £\J ceyvi.<a!l ^j^JLi L^> ^w*JLll a j-p ^a ^IjcJu (J 

oljjajaJl ^j*a eJt?-l j ^yiul jl Jaiasxil jj^a <L)lSj .1 j>- L~a 0^ 1 *^jI 
t^jJJl Jl^>- JyJcJLil (jlj tLJaj I^2.1~a UajjLaa l<aa...7 ^lll 
.La Lji! i _y JU tfJJJii taL>«3 5J*.rf\\ f_j olju liU 

^■laT.al tJLjji-l L). ,/y j JjLal j (_|p*^ J uk^Sjlil ^Ljta ijJbjPxhj 
AjjjcJjl Js jJajLl (ju J^J Loj »./J *LjI tl»»ljJxaJl O—S_^i 
4 -jL 6,8...^p^I ijjL 2,6j iJL 4,2 $^^>*11 iw»«Ap <_j 
...JpSI oL‘2,2j Ji-S iJl‘7,1 ...Jp^ 4Jtf4,0j Ji-V 
. Jp*N 5JL* 3,3j JjLA iJL* 8,1 

tiljjaa (_5^ -j-aVl l—Pjl~ul Oljb 


4 ia^-^\l iils - a^i oJL?-lj o jJa9 jjp ali^M i?-L>y 

dJlS^ I3| La ^Jl j j jw.,ail (ja°j (J ‘^■Lail oUj^iJI 

oLajJlxll Ojc^* La_Upj .lij^t^JI OJLd3 jl O^.^.xS’l Ji ajlatfll 


cjiiiljta jjp) LjlilS^ OjJlij toljiatfll <Lpli-l 

(_jL~>- Lf ^Si»\ t(Stoke’s law ((liy** jjJlS» ^L 

. 4 jpB....i. l J Aaa^iL^I^/I 

Jtf*-I ^j*a ^ .aLj^iJl t_ zS jJ |jL>- 41 ^ *L*iSfl oJLa jj-i 
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utSLL* cj y.jj 

ioo j\j}\ ol>^g JL> L^j jJJI 

^^p jl J| J-»Jl LjJjw ISCJL* o'i j£j ((^p 

JaJl>-! C.'.^ .^/Jw2JI iw^iiJl J—kj OjjJI lg-3 ^ILa A,^*^ (^J 
|jb Lo OiJLjX*-lj i^jZ jJj Jl^ J i*i jl (_£«jlg'jll O'- 1 

* * f. 

(_£..A 1 ^jp IJUaj ^l—o jAj \js*\& O.SIj ^t-> t Jli* ^i^4J AjI 
cjj»J Ifil ( _ s ^>- l*A>- aLjIj ojiaxil j j£j UL^I ,(_£jjJl 
^J...i».>tj 3 j >**>-> apL j-I A3»-jjJ aj i^wi 
•ijj3l <jl J«3 eJp CjI^ C-JLijj cJjl>- .[_5_Jslj (jP Jljj-I 
Jp i_9Jj»Jl p.L«.o A^Jtil ldj»- A_^L^A-I AjoJLa kjULli $AjiJLA-I 

. JiVl Jp ^lit apL^sj j u^l 

p •* 

1 1*3 ..ii*< 1 Aji 1«A^" ^PjL » L^.^3 AmiI l^jIS 

aJ^L« Jl 3lpJ tAjJj J JL).i..<"ll (jvp J C.*JJ 0 joi 
JL^j jl IfJ t—A» t > ^ J ^jJl iJli aLn-o li?-^ j^"J if-UlaJl ^Uls 
ol^JtlJl ( jp LJj^ ^wsj ijlS^ t^pILlli «JpL-*a 3^>- 
1^?-jL>-j S j ■ «-^ll 0 ^laaJl Jp jiliS (_5*j oljjJ^JNl ap^ J 

I 3 J .IijL»* J vlijjjiUl a>^p ^jjJill 1 —jIS"jJIS^ 

#* ** 

{jfl LL ^Uj ol^ tAAjiJs Ajt93 J| oljjJ^3^/l (JU>-ll>-l 

• ^_jj3I ^JL If-jJijj l j^> ^1 

CaIII oljiaAi Astflii-| oI^JLa oULj Jlj^»l ^llp j»^-l_A 
«aJjJSJNI 0j 3 ol cr -J‘l)> Jp Jip ajI jIUJI dUi j^pj iJu~>- 
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f Js- i_j j\Jr J-o^rt 

4-Jp jip L» . 41>cJiJJ j.)»ygl oJL?-J JL>-jj V 4jl ^j-kJ 

(O-jjJl 0*1jiaS _^uS -b*- [\,\ <GJlSI ioljb ^lSVl_J *j V I AIj j>^> 
^ ^iy\ ^y> ^jj (_jj .LL>- <Sj\jjJ&i\ .iSllA O-ilS JLis 
^(Charles Proteus Steinmetz) jio*lol ^iJ j jijLU 

^Jp -t-lj jAj Jlij t»_jjb>oJl SJUfcLii JbljJl ,_jSL>^ 4^1 ( j-o.)i'-g.ll 

,((|jbl (jjU^N ^1 |i .Jai ciJUS (J-UpV jl» : jls .ii -b 
jlSJLa <_j Ip jZi i 1910 ^Ip JjIjI (3-? 

oJj^- JLai .Aj jS?C .Jl jjjiaj 4-JUl ii*^lill 0*1 I jljla ^P 
4-la«ll <_ilp jl$>- (jI oJUalLl ^Jp jJ OblS ^xJl 4lay-.ll eta^l 

^ISCa-lj ^oW.a Jigp-j ajl j>- ks^jJuj t ( _ ? al« e-\jf ^'.oj 

|ij ,4 -jL* ^JiL* CJ^Jl jjJLa* ^P Ojili 4pL —ij tJbJlbi 

Jtai tLji-uIjij o*l^JaaJl o*l j» jj ojji>-l (_jJJl ^Jiialll viJJi ^p 

; <j ^ju> (_J o* LLail I 

** 

...SiLil ^j-0 ^rlP ...U <._.L>- illlft ...l-l>- 


<y» pj-ji\ <Jp i*jlJ 0^ks .. £j\j .. 'jA oylai 

P * 

... ^ ... La Ua>- jJllft ... L»Lc 4.o^L« a Jai LfroJ»ey- j» .<3 

.ajL-oj^l 4 j ^>oJl oJl& ^JioJLs 


!4jjL^ OjU^^sM 4 ...W.I oolj taiLail £*-i* 

.0^11 ^ J!5U»>I Jp ...jLl U oJUu 

.*■ (J Obis’ l j..di OjUj^^JNI jlSJ j^^/l Ibj 
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lzj yjjj 

- * >* 

eJj* Ij ^ t JS) iJjL* Ja>y Li?-N ol^JLa 

JS’ <Z£’(IaT,*>liJ .OjJ-Sjyi jA V/ (j l$!j i j>xZji 

(KJ1 4.0 / Jp ^ aI .A i 4jju a^utv^ 4j J LZ->b_fjZ£jyI 

. K j 4 jJj 

<uo«jLU oJo- jl! As^ ji <.1913 aLp 

JpI UU- y cJ JA\ i^aJO ,^j£ 19 "10 X 1,5924 :5Jl^£l 
jIju jJL)i Jl*jj ,( 19 "10 x 1,60217653 j jJju 

. ejjlo- jlo- lOl 
^juu»'5ll JLpUlI c j-L .lli (jjU elij JLkj . A-*j^P iil^i A ./ia\\j 
<jhx«l c jp lg-s t_j jp! ol^5UL« o11981 ^Ip jlXJJk 

J-^T )■ ^ * ^Wj t>sil 4 jjlpI >**l jl^JLJ* 

L.«.>nj .OajjJl 0jlai 4 j j£- (_j LAJU ^jJl J^OtLaJkl ^jaLiJl 

jpj AZi»i (_j iOlj> (_jljlj| j\P ^Jp flilx»*>l ejlj <•yJilLs 5j!_Jj 

^jjdll ‘ ^ ■ 11 i. dljll jl^J_^o j^^j jl ^ 4 6 6 ./? 4_Jlp 

J^lS - jjJLSj j-iils ol (_^P jjjl^JNl iotJj 

• V*I Ji^l 

j g.l P y IJ.^ J AjUj Jlxj AjI J$jj> j^J ^jp ^pllLsjl ^pol^yAvsl 

.L^JLp iyi iv»^ ^yt (1953 ^»Ip (j Jjj ^JUI) jl£~L« ^y>~ <u£S 
; _ y/i *A fc. ■ >|J (j t I AjI U ^T ‘it*2 ‘ t CJI^JLI I jj I j ^ P ^ *1— lj^ 

^p jJj “Wiljj jl jl ijlj e^j jo- jj <xa jl a^.1 ijj (_$j3l 
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4jIjN c../»«:■> Jj c^^-Vl <Jp (JLo jlS^ Jjw .Sjiliis 

jjj^i^ll Jj p o^^3 e-ljj AjtsljJl ajiJl All j»PjJl ( _|pj . *^iJI 

CciUJlJj . aJUs al£ jlSI jj^j 01 Ajtrfj (j jlS - ^_j3 1 A~»Lij 

.1$-J>-U<2J ^ lift AjLp j^S 

aH*-^! aJvi (J 0>oLal^l 4*oj jl dJUi ^^AoVIj 

Ajj\-.>fill1 jJ-lj .Aj^L»wi <j (_P jta jl5 jl^JL* (1)1 LftiLia 

p, ^ 

All (Jp *>Uj oils' a; I a.,.tijl oal>oJ.lj aJo** o jl >ui (J 
. la —«w» "JJ ' ejl^3l j*pJU (j^ AjULj J JJs 

^a ^yilp (J^ J 

aJNL A-iL>J jji» jl^JLo jl Jlipl ^j\ .OijJl a ^ai Ajj^ 
f * y>a ^ t—-* *j-Sl«.*.- l Ij ^> . ... . 11 A*mU 0 L» j I As^/J j* - C A^>r 11 

(J *^>-IjA« oJbjj jl tOwi jJl ApL»k ^^P io j^OJLa j\P A la ».,/? 
a^Ja3 J^-* 1 (J *jLp “J* J' ‘Ui>-J-^ *J-$A>- A>-jO 

. Jii-1 Aj j£ ( _j^ a j»-1j*j ^ l^ -^A3 . Ojj 

jji aJjLJ-I 0^3 AjAI jJl oUUoNl {jA ejlll 

jJjOa ^^Pj jjO Lilsj* jLgJ^-l ^^>03 jjjL*p^3j iijjljp ju Jali-I 
iwJjif (_^P j^l All .a^>-jil Aib»-^/l la.*.~.»~ ^jS ^li£jJl 
JpLU; jiSSlI aJUjJ. 1 etaVl <_$^LJl JJbJl JiL^^ .A^JlSj jl 

•ti^l 

jl jjl —ij j -*jj 01 4jl ■ (a twj jLi j cjL»^p ajp ^j) t_ 5 ^ (Ouija (1) 

.j^-jdi - jijli 
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dL^SV^. 


ojj.lir. OjjLxJI fi ijVi II 


Ij-iaj JUJtl <J Lois' CJS i2006 O ^J)jy!- (J 
CUoill tLoj_^iJlSo IjJjLi LoLx (_j Aj^laJl *Ljoil] ^JilS Jgjc*j 
Lf-Lopl ^~»p 

. JU-^1 ^1 v li£Jl JjLo f. lili ^SLj -J\ja\ 
IfjLi^'V (Marie Curie) tjjjZ tSjL« J o^So 

o^lil ^jA I J>- o^>»./? A«.^S Jp Q. tf^P i,*. 4^^_olI 

(J, l-b t«oLi^Jl IJLa ll)Jl*il ^jA jbjal {jpj ^y> Ajciil 

Am . .Lall ^Ilp ^ U» J~*AA 1 - ^ • f Aj^S ^iSI ^ . j-ij ‘ d -*S AjlS^ 
t(_ 5 jjS ^=rji 4>*Ji(Lise Meitner) La jJ J, oJbj 

Oo^>-l oLio^liJl (_j jlla.*1*^1 (_j bJjI jJl L^jUi. jl Jo 

Fritz) j^lJLi y^jij (Otto Hahn) jLa jJjl £« jjbcJL> 
jJjLoll ,j_^»*il dJi Jj^tJL; jJbJl ^->^1 Jiii .(Strassman 
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L i ‘ ‘ 1 ^' t I 48jjJl 1 ■ A ■ ^ I t.fl 8 0 ^ ^ — 1 <^jJ| A—&J 

.IUp 439 f-l^l (top quark) iijlj£Jl 

k>j>C$\ OJl5 iaJsLipVI jJl>- jjL^I ol (_i olS^ I3 |j 
R ita) bjj ^e- JjS^I S J. Lp 5jiU-l 

Ijjjl; ^Uyl jl c l5 ..^3.«J1 jaJI J^Ip (Levi-Montalcini 
oL^Uj ( _ s ^4-1 ^ (Barbra McClintock) iijrJ5U 

C~jI ^1 (Chien-Shiung Wu) jj j-»i 4jj£ jl S^sliJl 

* P 

o jjli u L)jjIS ^iJU£ ^ 1 •>- ^-.a!I cjUj> •S'j 'Jl oI Lg-8 

.(conservation of parity) JiUJl (Jp ilaiUJJ 
,4-s j^id\ JupI oiJj <—'b^3( ^ja o jS L» 

jt (.AjjiJl oljJlj ■ijjijij £*d (i ^ 

( »Jy>lS' JJLU jl j j j-Jl j (James Chadwick) dLjjLiJ 
jLf (Jj ?4ijLiJl <LLpjil j (Heike Kamerlingh Onnes) ( _ r Jjl 
jJLp,J<OjUo (GregorMendel) Jj Cajj£j>- 1]La iL>- j] j-Jl 
(Oswald Avery) jJljjlj toLJ^- <j Laiy»-l ^1 ijljjJl 
' ^A 4P^ . ./3 ^ L ^ ' Ol 1 . . 1 1 ( ^ aXJ I 

^ja JS’ Lgiol ^yAj t(DNA) (jy>«—S"*yI 

(Martha Chase) Lr ^j tfjloj (Alfred Hershey) ^ Ju^iJl 
(Jj .£JjIj j»-aa.L> 48Jja 1I ojyf-iJl (jA 

d—jj 11—5^* jj J—-J 1 (J 4j jS^]\ Lplj * 1 g ^ 
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Franklin) Jh-i jJlSCjl j >j (Matthew Meselson) j y^'y j-IU 
a .„ij jc»*— ^jy> ^^jJl <_£j_jiJl jl (Stahl 

.^jijll (Crick) dL jSj (Watson) jj^Jslj Lj ^ 

jL^-'iM iy\i C-jL^ tojlloil (JjL—j yJLuJl j jii\ jlS^ 

^^iJl ^L*iM JjJj .Aji^Al jl Zj2j 4«..lall j*-^ *w'sl..>- 
. oJj JLs 2JjUs 5J y$*~ aJIILv y>y lg-3 ij^*j 

S4jjLA-1 (J-*!* <,A^ij ^y£- jl V jJLSj 
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£>»(CuJlJ J3 fcjl 


0 j£j O' sjlstfl jjy»l 0i* j. 1.-■*» 

'if./3i i_-.!^Jl d.<>- toe-1jiLi i>-_^iil jjL^lLi A^jIS 4jli«j 

jjla.»H j j la^j u^ojJl ^1 a j^jcil <*»».■ la IS I Jiajj ■/•»» Jmj 

Oj jj| (_^ *w*j^JI jjajliP 'tpS-*!^ JUp ^. -.‘..l 1 ^\P 

talaya. i<jjJv£J^M ,y*y> <Jp siJJu^M <Jp ijlJajij^11 

t * t- > t- 

.<jj >-1 5JL»^j il^>a Luajl a-l^ill <uj Jl£ jl cL->- met 
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